
Wkh uhvhdufk Surjudp ri wkh Fhqwhu iru Hfrqrplf Vwxglhv +FHV, surgxfhv d zlgh udqjh ri wkhr0

uhwlfdo dqg hpslulfdo dqdo|vhv zklfk vhuyh wr lpsuryh wkh vwdwlvwlfdo surjudpv ri wkh X1V1 Exuhdx

ri wkh Fhqvxv1 Pdq| ri wkhvh dqdo|vhv wdnh wkh irup ri FHV uhvhdufk sdshuv1 Wkh sdshuv duh

lqwhqghg wr pdnh wkh uhvxowv ri FHV uhvhdufk dydlodeoh wr hfrqrplvwv dqg rwkhu lqwhuhvwhg sduwlhv

lq rughu wr hqfrxudjh glvfxvvlrq dqg rewdlq vxjjhvwlrqv iru uhylvlrq ehiruh sxeolfdwlrq1 Wkh sdshuv

duh xqr!fldo dqg kdyh qrw xqghujrqh wkh uhylhz dffrughg r!fldo Fhqvxv Exuhdx sxeolfdwlrqv1 Wkh

rslqlrqv dqg frqfoxvlrqv h{suhvvhg lq wkh sdshuv duh wkrvh ri wkh dxwkruv dqg gr qrw qhfhvvdulo|

uhsuhvhqw wkrvh ri wkh X1V1 Exuhdx riri wkh Fhqvxv1 Doo sdshuv duh vfuhhqhg wr hqvxuh wkdw wkh| gr

qrw glvforvh frq�ghqwldo lqirupdwlrq1 Shuvrqv zkr zlvk wr rewdlq d frs| ri wkh sdshu/ ru rewdlq

jhqhudo lqirupdwlrq derxw wkh vhulhv vkrxog frqwdfw Vdqj Y1 Qjx|hq/ Hglwru/ Glvfxvvlrq Sdshuv/

Hfrqrplf Sodqqlqj dqg Frruglqdwlrq Fhqwhu iru Hfrqrplf Vwxglhv/ Zdvklqjwrq Sod}d LL/ Urrp

544/ X1V1 Exuhdx ri wkh Fhqvxv/ Zdvklqjwrq/ G1F1 5356609434/ +634078:04;;5, ru LQWHUQHW

dgguhvv vqjx|hqClqir1fhqvxv1jry

H!flhqf| ri Edqnuxsw Ilupv dqg Lqgxvwu| Frqglwlrqv=

Wkhru| dqg Hylghqfh

e|

Yrmlvody Pdnvlprylf

Jrugrq Skloolsv4

Rfwrehu 4</ 4<<9

4Xqlyhuvlw| ri Pdu|odqg/ Froohjh ri Exvlqhvv dqg Pdqdjhphqw/ Froohjh Sdun/ PG 53:7504;481 Zh

wkdqn Mxg| Fkhydolhu/ Mrkq Judkdp/ Fkduohv Kdgorfn/ Pduf Olsvrq/ Shjduhw Slfkohu/ Md| Ulwwhu/ Gdylg

Vfkduivwhlq/ Doh{ Wuldqwlv/ Vkhulgdq Wlwpdq/ dq dqrq|prxv uhihuhh/ wkh hglwru Uhqh Vwxo} dqg vhplqdu

sduwlflsdqwv dw Ervwrq Froohjh/ Xqlyhuvlw| ri Fklfdjr/ Froxpeld/ Jhrujld/ PLW/ QEHU/ Qruwk Fdurolqd/

VPX/ Wxodqh/ XEF/ Xwdk dqg Ylujlqld iru khosixo frpphqwv1 Zh dovr wkdqn Vx]dqqh Shfn/ Ere PfJxfnlq

dqg uhvhdufkhuv dw wkh Fhqwhu iru Hfrqrplf Vwxglhv iru gdwd khos dqg glvfxvvlrqv rq wklv surmhfw1 Wklv

zrun zdv frqgxfwhg dw wkh Fhqwhu iru Hfrqrplf Vwxglhv/ X1V1 Fhqvxv Exuhdx zkhuh wkh 5qg dxwkru zdv

d DVD2QVI uhvhdufk ihoorz1 Wkh dxwkruv fdq eh frqwdfwhg e| H0pdlo dw pd{Cepjwpdlo1xpg1hgx dqg

jskloolsvCepjwpdlo1xpg1hgx uhvshfwlyho|1



H!flhqf| ri Edqnuxsw Ilupv dqg Lqgxvwu| Frqglwlrqv=

Wkhru| dqg Hylghqfh

Devwudfw

Zh vkrz wkdw wkh lqfhqwlyhv wr uhrujdql}h lqh!flhqw �upv dqg uhghsor| wkhlu dvvhwv ghshqg rq wkh

fkdqjh lq lqgxvwu| rxwsxw dqg lqgxvwu| fkdudfwhulvwlfv1 Zh xvh sodqw0ohyho gdwd wr lqyhvwljdwh wkh

surgxfwlylw| ri Fkdswhu 44 edqnuxsw �upv dqg dvvhw0vdoh dqg forvxuh ghflvlrqv1 Zh �qg qr hylghqfh

ri edqnuxswf| frvwv lq lqgxvwulhv zlwk ghfolqlqj rxwsxw jurzwk/ zkhuh prvw edqnuxswflhv rffxu1 Lq

ghfolqlqj lqgxvwulhv/ edqnuxsw �upv* sodqwv duh qrw ohvv surgxfwlyh wkdq lqgxvwu| dyhudjhv dqg gr

qrw ghfolqh lq surgxfwlylw| zkloh lq Fkdswhu 441 Lq wkhvh lqgxvwulhv/ Fkdswhu 44 dsshduv wr eh d

phfkdqlvp iru irvwhulqj h{lw ri fdsdflw|1 Lq kljk0jurzwk lqgxvwulhv/ wkhuh lv vrph olplwhg hylghqfh

ri surgxfwlylw| ghfolqhv zkloh lq Fkdswhu 44 iru d vxevdpsoh ri �upv wkdw uhpdlq lq Fkdswhu 44 iru

irxu ru pruh |hduv1 H{dplqlqj dvvhw vdohv dqg forvxuhv e| edqnuxsw �upv dqg wkhlu frpshwlwruv/

zh �qg wkdw Fkdswhu 44 vwdwxv lv ri olplwhg lpsruwdqfh lq suhglfwlqj wkhvh ghflvlrqv rqfh lqgxvwu|

dqg sodqw fkdudfwhulvwlfv duh wdnhq lqwr dffrxqw1 Pruh jhqhudoo|/ wkh �qglqjv lpso| wkdw Fkdswhu

44 pd| lqyroyh ihz uhdo hfrqrplf frvwv/ dqg wkdw lqgxvwu| h�hfwv dqg vdpsoh vhohfwlrq lvvxhv duh

yhu| lpsruwdqw lq hydoxdwlqj wkh shuirupdqfh ri edqnuxsw �upv1

Nh| Zrugv= Edqnuxswf|/ Wrwdo Idfwru Surgxfwlylw|/ Lqgxvwu| Htxloleulxp1



41 Lqwurgxfwlrq

D nh| txhvwlrq lq wkh frusrudwh �qdqfh olwhudwxuh lv zkhwkhu Fkdswhu 44 edqnuxswf|

surylghv d phfkdqlvp e| zklfk lqvroyhqw �upv duh h!flhqwo| uhrujdql}hg dqg wkh dvvhwv

ri xqsurgxfwlyh �upv duh h�hfwlyho| uhghsor|hg1 Wkh olwhudwxuh kdv irfxvhg rq zkhwkhu

Fkdswhu 44 edqnuxswf| dqg wkh edujdlqlqj ehwzhhq fodlpdqwv wr wkh �up*v dvvhwv ohdgv wr

h!flhqw uhrujdql}dwlrqv1 Wkh h�hfw ri lqgxvwu| ghpdqg dqg vxsso| frqglwlrqv rq wkh ydoxh

ri uhrujdql}dwlrq dqg uhdo edqnuxswf| frvwv kdv uhfhlyhg ohvv dwwhqwlrq1 Lq wklv sdshu/ zh

h{dplqh krz lqgxvwu| frqglwlrqv d�hfw wkh surgxfwlylw| ri edqnuxsw �upv dqg wkhlu ghflvlrqv

wr vhoo ru vfuds dvvhwv1

Rxu prgho vkrzv wkh lqfhqwlyhv ri �upv wr vhoo ru forvh dvvhwv ghshqg rq lqgxvwu| ghpdqg

dqg wkh dprxqw ri surgxfwlyh fdsdflw| lq wkh lqgxvwu|1 Xvlqj d vdpsoh ri 44<8 sodqwv ri 635

�upv wkdw ghfoduhg Fkdswhu 44 dqg ryhu 83/333 sodqwv ri qrq0edqnuxsw �upv 0 uhsuhvhqwlqj

erwk sxeolf dqg sulydwh �upv lq wkh XV pdqxidfwxulqj vhfwru 0 zh h{dplqh wkh lpsruwdqfh

ri lqgxvwu|/ �up dqg sodqw0ohyho idfwruv wr pdqxidfwxulqj surgxfwlylw|/ dvvhw vdohv dqg sodqw

forvxuhv1

Rxu sdshu lv uhodwhg wr wzr fhqwudo lvvxhv lq edqnuxswf| uhvhdufk= wkh frvwv ri edqnuxswf|

dqg wkh idfwruv lq xhqflqj vdohv dqg forvxuhv ri dvvhwv ri Fkdswhu 44 �upv1 Dv srlqwhg rxw e|

Kdxjhq dqg Vhqehw +4<:;,/ wkh frvwv ri edqnuxswf| uhrujdql}dwlrq shu vh duh xqolnho| wr eh

vljql�fdqw15 Vhyhudo uhfhqw sdshuv/ dprqj wkhp Kduulv dqg Udyly +4<<3,/ Gldprqg +4<<6,/

Mhqvhq +4<<6,/ dqg Kduw dqg Prruh +4<<8,/ dujxh wkdw edqnuxswf| fdq hyhq eh ehqh�fldo

dv d wuljjhu wkdw h�hfwv d fkdqjh lq frqwuro ri wkh �up dqg wkh whuplqdwlrq ri xqsur�wdeoh

surmhfwv1 E| frqwudvw/ Jldppdulqr +4<;;, dqg Ehujpdq dqg Fdoohq +4<<4, kdyh lghqwl�hg

srwhqwldo frq lfwv wkdw/ li xquhvroyhg/ pd| fdxvh wkh �up qrw wr pdlqwdlq/ vhoo ru forvh dvvhwv

rswlpdoo|16 Zh surylgh hylghqfh rq zkhwkhu edqnuxswf| idflolwdwhv wkh uhghsor|phqw ri

dvvhwv zkhq wkh| duh qrw xvhg h!flhqwo| e| �upv17

5Iru d uhylhz ri wkh olwhudwxuh rq edqnuxswf| frvwv vhh Dowpdq +4<<6, ru Vhzdug dqg Vhqehw +4<<8,1

Zduqhu +4<::, dqg Zhlvv +4<<3, h{dplqh wkh gluhfw frvwv +odz|huv/ dffrxqwdqwv, ri edqnuxswf|1 Dqgudgh

dqg Ndsodq +4<<9, dovr uhsruw orz uhdo frvwv ri �qdqfldo glvwuhvv iru d vdpsoh ri kljko| ohyhudjhg �upv1
6Wkh uhvroxwlrq ri edqnuxswf| lv ixuwkhu frpsolfdwhg e| frdolwlrq irupdwlrq ehwzhhq gl�huhqw fodvvhv ri

lqyhvwruv +Exorz dqg Vkryhq +4<:;,/ Jhuwqhu dqg Vfkduivwhlq +4<<4,,1
7Uhodwhg olwhudwxuh kdv frqvlghuhg dvvhw vdohv e| �upv1 Udmdq +4<<5,/ Gldprqg +4<<6,/ Eurzq/ Mdphv/

dqg Prrulgldq +4<<6, kdyh frqvlghuhg krz wkh suhvhqfh ri �qdqfldo lqwhuphgldulhv +zkr kdyh d frpsdudwlyh

dgydqwdjh lq prqlwrulqj, dprqj ghewruv lq edqnuxswf| zloo d�hfw wkh uhvroxwlrq ri fodlpv dqg wkh glvsrvdo

ri wkh edqnuxsw �up*v dvvhwv1 Erowrq dqg Vfkduivwhlq +4<<6, doorz iru sduwldo oltxlgdwlrq dqg ydoxh ri wkh

dvvhwv wr eh vwrfkdvwlf1
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Fhqwudo wr rxu prgho lv wkh vlpsoh lghd wkdw lqgxvwu| frqglwlrqv d�hfw wkh pdujlqdo

surgxfw ri fdslwdo dqg/ wkxv/ wkh lqfhqwlyhv wr glvlqyhvw dqg uhghsor| dvvhwv1 Lq ghfolqlqj

ghpdqg lqgxvwulhv zkhuh wkh pdujlqdo surgxfw ri fdsdflw| lv orz/ edqnuxswf| pd| uhvxow iurp

h{fhvv lqgxvwu| fdsdflw| dv zhoo dv iurp �up lqh!flhqf|1 Lq kljk0jurzwk lqgxvwulhv/ uhodwlyh

�up h!flhqf| pd| eh pruh lpsruwdqw wr dvvhw uhghsor|phqw1 Li wkhuh duh djhqf| frvwv/

wkhq wkh uhghsor|phqw pd| qrw rffxu rswlpdoo|1 Lq sduwlfxodu/ lq kljk0jurzwk lqgxvwulhv/

lqh!flhqw �upv pd| kdyh vx!flhqw fdvk  rzv wr frqwlqxh wr rshudwh dvvhwv ghvslwh kljk

jdlqv wr dvvhw wudqvihuv1

Rxu hpslulfdo uhvxowv vkrz wkdw lqgxvwu| h�hfwv duh lpsruwdqw ghwhuplqdqwv ri wkh iuh0

txhqf| ri edqnuxswf| dqg hfrqrplf ghflvlrqv lq edqnuxswf|1 Zh �qg wkdw wkhuh duh pruh

wkdq wkuhh wlphv wkh sursruwlrq ri sodqwv ri Fkdswhu 44 �upv lq orz jurzwk lqgxvwulhv dv

lq kljk jurzwk lqgxvwulhv1 Krzhyhu/ lq orz0vklsphqw jurzwk lqgxvwulhv wkh surgxfwlylw| ri

sodqwv zkloh lq Fkdswhu 44 edqnuxswf| dqg vxevhtxhqw wr hphujlqj grhv qrw vljql�fdqwo|

gl�hu iurp wkdw ri wkhlu lqgxvwu| frxqwhusduwv1 Wkhvh sodqwv dovr gr qrw ghfolqh lq surgxf0

wlylw| gxulqj Fkdswhu 441 Wkxv/ Kdxjhq dqg Vhqehw*v frqwhqwlrq wkdw wkhuh duh qr lqgluhfw

edqnuxswf| frvwv lv vxssruwhg lq wkhvh lqgxvwulhv zkhuh prvw Fkdswhu 44 edqnuxswflhv rffxu1

Wkh ghwdlohg sodqw0ohyho fhqvxv pdqxidfwxulqj gdwd zh xvh hqdeohv xv wr h{dplqh krz

wkh frpsrvlwlrq ri edqnuxsw �upv fkdqjhv dv wkh| pdnh pdujlqdo ghflvlrqv 0 wr uhwdlq/ vhoo

ru forvh sodqwv1 Diwhu frqwuroolqj iru dvvhw vdohv dqg forvxuhv/ zh �qg vljql�fdqw ghfolqhv lq

surgxfwlylw| rqo| iru sodqwv lq kljk jurzwk lqgxvwulhv wkdw lpphgldwho| h{lw Fkdswhu 44 ru

uhpdlq lq Fkdswhu 44 iru irxu ru pruh |hduv1 Wkxv/ edqnuxswf| frvwv dqg wkh h�hfwlyhqhvv

ri d uhrujdql}dwlrq fdqqrw eh hydoxdwhg e| h{dplqlqj rqo| wkh shuirupdqfh ri wkh vxuylyru

�up1

Zh gluhfwo| h{dplqh dvvhw vdohv dqg forvxuhv e| erwk Fkdswhu 44 �upv dqg lqgxvwu|

frpshwlwruv1 Wkhuh lv olwwoh hylghqfh wkdw Fkdswhu 44 idflolwdwhv dvvhw vdohv e| ohvv h!flhqw

�upv1 Edqnuxsw �upv gr vhoo sodqwv dw d kljkhu udwh wkdq qrq0edqnuxsw �upv1 Krzhyhu/ iru

wkh prvw sduw/ wklv gl�huhqfh lv dffrxqwhg iru e| vdpsoh vhohfwlrq dqg lqgxvwu| frqglwlrqv

dqg qrw e| edqnuxswf| vwdwxv1 Dowkrxjk wkh suredelolw| ri dq dvvhw vdoh lv qrw vwurqjo|

d�hfwhg e| edqnuxswf| vwdwxv/ zh gr �qg wkdw lq kljk jurzwk lqgxvwulhv wkh sodqwv wkdw duh

vrog e| edqnuxsw �upv h{shulhqfh d vxevhtxhqw lqfuhdvh lq surgxfwlylw|1

Iru wkh vxe0vdpsoh ri sodqwv lq ghfolqlqj lqgxvwulhv/ Fkdswhu 44 vwdwxv lv dvvrfldwhg zlwk

d kljkhu suredelolw| ri forvlqj d sodqw1 Wklv lqfuhdvhg suredelolw| lv fdxvhg e| d juhdwhu

vhqvlwlylw| wr wkh fkdqjh lq lqgxvwu| vklsphqwv udwkhu wkdq dq| lqfuhdvhg whqghqf| wr zhhg

rxw lqh!flhqw sodqwv1 Wkhvh �qglqjv vxjjhvw wkdw Fkdswhu 44 edqnuxswf| kdv d juhdwhu uroh

5



lq surprwlqj wkh h{lw ri fdsdflw| iurp ghfolqlqj lqgxvwulhv wkdq lq fkdqjlqj wkh lqfhqwlyhv

iru �upv wr glvsrvh ri lqh!flhqw sodqwv18

Wkh hpslulfdo dqdo|vlv lq rxu sdshu lv uhodwhg wr wkh vwxg| ri edqnuxswf| rxwfrphv

e| Krwfknlvv +4<<8,/ dqg wkh vwxg| ri suh0edqnuxswf| dvvhw vdohv e| Nkdqqd dqg Srxovhq

+4<<8,1 Zh gl�hu iurp wkhvh sdshuv lq vhyhudo nh| uhvshfwv1 Iluvw/ zh hpehg wkh edqnuxswf|

surfhvv lq dq lqgxvwu| htxloleulxp vhwwlqj wkdw |lhogv suhglfwlrqv derxw wkh iuhtxhqf| dqg

uhvroxwlrq ri edqnuxswf|1 Vhfrqg/ rxu gdwd hqdeohv xv wr h{dplqh wkh shuirupdqfh dqg wr

wudfn wkh forvxuhv dqg vdohv ri lqglylgxdo sodqwv/ udwkhu wkdq ri wkh �up dv d zkroh1 Wklug/

rxu vdpsoh dovr lqfoxghv �upv wkdw gr qrw hphujh iurp Fkdswhu 44 edqnuxswf| surwhfwlrq1

Dq lpsolfdwlrq ri rxu uhvxowv lv wkdw rqh fdqqrw hydoxdwh hqgrjhqrxv fkdqjhv lq frusrudwh

jryhuqdqfh +erdugv ri gluhfwruv/ pdqdjhuv, rq edqnuxsw �upv zlwkrxw h{solflwo| frqvlghulqj

wkh lqgxvwu| hqylurqphqw1

Wkh sdshu lv dovr sduw ri d jurxs ri duwlfohv wkdw frqvlghuv wkh lqgxvwu| hqylurqphqw dqg

wkh lqwhudfwlrq ri �upv* dvvhw vdoh dqg h{lw ghflvlrqv zlwk wkhlu hqylurqphqw19 Wkh h�hfw ri

ghpdqg frqglwlrqv rq wkh uhrujdql}dwlrq ri lqvroyhqw �upv kdv ehhq uhfrjql}hg e| Vkohlihu

dqg Ylvkq| +4<<5,1: Wkh| irfxv rq dvvhw vdohv dqg rq krz oltxlgdwlrq ydoxh ghshqgv rq

wkh fdvk uhvhuyhv ri �upv lq wkh vdph lqgxvwu|1 Wkh lqwxlwlrq ehklqg wkhlu prgho lv wkdw

lqirupdwlrqdo dv|pphwulhv suhyhqw wkh edqnuxsw �up iurp uhdol}lqj wkh ixoo ydoxh ri lwv dvvhwv

ehfdxvh ri wkh olnholkrrg wkdw wkh prvw lqiruphg sxufkdvhuv duh dovr lq �qdqfldo glvwuhvv1

Rxu dssurdfk gl�huv ehfdxvh zh irfxv rq zkhwkhu hfrqrplfdoo| h!flhqw vdohv dqg forvxuhv

rffxu dqg gr qrw prgho wkh jdlqv dqg orvvhv ri wkh ydulrxv sduwlhv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Rxu iudphzrun lv glvfxvvhg lq Vhfwlrq

51 Zh glvfxvv gdwd dqg rxu phwkrgrorj| lq Vhfwlrq 61 Vhfwlrq 7 frqwdlqv uhvxowv rq �up

surgxfwlylw| dqg wkh edqnuxswf| surfhvv1 Vhfwlrq 8 frqfoxghv wkh sdshu1 Doo wkh irupdo

surriv duh lq wkh Dsshqgl{1

8D uhodwhg �qglqj/ e| Prufn/ Vkohlihu dqg Ylvkq| +4<;<,/ lv wkdw krvwloh wdnhryhuv duh xvhg wr glvflsolqh

pdqdjhuv lq srruo| shuiruplqj lqgxvwulhv/ exw dowhuqdwlyh phfkdqlvpv duh xvhg lq khdowk| lqgxvwulhv1
9Sdshuv lq wklv jurxs lqfoxgh Pdnvlprylf dqg ]hfkqhu +4<<7,/ Fkhydolhu +4<<8,/ dqg Nryhqrfn dqg

Skloolsv +4<<8,1
:Odqj dqg Vwxo} +4<<5, kdyh h{dplqhg wkh vwrfn sulfh uhdfwlrqv wr edqnuxswf| dqqrxqfhphqwv e| �upv

zlwklq wkh vdph lqgxvwu|1 Wkh| h{dplqh wkh lqirupdwlrq frqwhqw ri wkh dqqrxqfhphqw udwkhu wkdq wkh

h!flhqf| ri uhrujdql}dwlrqv1
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51 Edqnuxswf| lq dq Lqgxvwu| Htxloleulxp

Wr surylgh d ehqfkpdun iru rxu hpslulfdo dqdo|vlv ri edqnuxsw �upv/ zh �uvw ghyhors d

vlpsoh prgho ri krz surgxfwlylw|/ dvvhw vdohv dqg forvxuhv ghshqg rq lqgxvwu| frqglwlrqv1

Zh wkhq xvh wklv prgho wr suhglfw wkh fkdudfwhulvwlfv ri �upv wkdw ehfrph edqnuxsw lq kljk

dqg orz jurzwk lqgxvwulhv dqg wr lghqwli| srvvleoh frvwv ri edqnuxswf|1

Prvw prghov ri rswlpdo fdsdflw| oltxlgdwlrq lq �qdqfh/ vxfk dv Kduulv dqg Udyly +4<<3,/

dqdo|}h �qdqfldo vwuxfwxuhv wkdw lqgxfh �upv wr oltxlgdwh xqsurgxfwlyh fdsdflw|1 Lq wklv

vlqjoh �up dqdo|vlv/ wkh rssruwxqlw| frvw ri fdsdflw| lv wdnhq dv h{rjhqrxv/ dqg lw lv rswlpdo

wr oltxlgdwh d sodqw zkhq lwv surgxfwlylw| idoov ehorz wkh �up*v pdujlqdo jdlq iurp rshudwlqj

lw1; Khqfh/ wkh dqdo|vlv vxjjhvwv wkdw wkhuh lv d fulwlfdo ydoxh ri wkh dvvhw*v pdujlqdo surgxfw

ehorz zklfk lw lv rswlpdo wr oltxlgdwh lw/ dqg deryh zklfk lw lv rswlpdo wr uhwdlq lw1

Lq pxowl0�up lqgxvwu| vhwwlqjv wkh �up*v fdsdflw| ghflvlrq lv pruh frpsoh{1 Dw dq| wlph

wkhuh pd| eh �upv zlwk gl�huhqw frvw vwuxfwxuhv surgxflqj lq wkh lqgxvwu|1 Wkhvh gl�huhqfhv

pd| rffxu ehfdxvh gl�huhqw �upv pd| fkrrvh lqyhvwphqwv wkdw plqlpl}h frvwv lq gl�huhqw

lqgxvwu| ghpdqg frqglwlrqv ru ehfdxvh hqwuhsuhqhxuv pd| glvfryhu wkdw wkhlu fkrvhq surgxfw

pdunhw vwudwhj| kdv zrunhg rxw ehwwhu ru zruvh wkdq h{shfwhg1 Li lqgxvwu| ghpdqg fkdqjhv/

wkh frpsdudwlyh dgydqwdjhv ri �upv pd| dowhu dqg lw pd| ehfrph rswlpdo iru vrph �upv

wr vfuds fdsdflw|1 Krzhyhu/ d ohvv surgxfwlyh �up dovr kdv wkh dowhuqdwlyh ri oltxlgdwlqj

fdsdflw| e| vhoolqj lw wr wkrvh �upv wkdw kdyh d frpsdudwlyh dgydqwdjh lq surgxflqj xqghu

wkh qhz frqglwlrqv1 Wkh jdlq iurp vhoolqj d xqlw ri fdsdflw| wr rwkhu �upv lq wkh lqgxvwu|

ghshqgv rq wkh gl�huhqfh ehwzhhq wkh sur�wv �upv zlwk gl�huhqw frvw vwuxfwxuhv fdq uhdol}h

iurp d pdujlqdo xqlw ri fdsdflw|1 Wklv gl�huhqfh lv hqgrjhqrxvo| ghwhuplqhg dqg ghshqgv rq

lqgxvwu| frqglwlrqv1 Lpsruwdqwo|/ wkh ghpdqg frqglwlrqv lq zklfk lw lv rswlpdo wr oltxlgdwh

dvvhwv e| vhoolqj wkhp wr rwkhu �upv pd| qrw eh wkh vdph iru hdfk �up1

Krz gr lqgxvwu| frqglwlrqv d�hfw zklfk �upv hqwhu edqnuxswf| dqg frvwv lq edqnuxswf|B

Li edqnuxswf| lv xvhg dv d wuljjhu wr irufh �upv wr rswlpdoo| oltxlgdwh dvvhwv/ wkh txdolw| ri

�upv jrlqj lqwr edqnuxswf| pd| v|vwhpdwlfdoo| ydu| zlwk lqgxvwu| ghpdqg frqglwlrqv1 Wkh

w|sh dqg uhodwlyh pdjqlwxgh ri edqnuxswf| frvwv/ li wkh| h{lvw/ pd| dovr ghshqg rq wkh ohyho

ri lqgxvwu| ghpdqg1 Lq kljk ghpdqg lqgxvwulhv wkh frvw pd| eh d idloxuh wr vhoo sodqwv zkhq

surgxfwlylw| xqghu dowhuqdwlyh rzqhuvkls lv kljkhu1 Lq orz ghpdqg lqgxvwulhv wkh frvw pd|

eh d idloxuh wr forvh1

;G|qdplf prghov/ vxfk dv Euhqqdq dqg Vfkzduw} +4<;8, wdnh lqwr dffrxqw wkh rswlrq ydoxh ri uhwdlqlqj

fdsdflw|1 Krzhyhu/ wkh| dovr wdnh wkh oltxlgdwlrq ydoxh dv jlyhq1
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514 Rswlpdo forvxuhv dqg dvvhw wudqvihuv

Zh �uvw h{dplqh wkh rswlpdo wudqvihu ri dvvhwv ehwzhhq �upv lq dq lqgxvwu| zlwk �upv ri

gl�hulqj ohyhov ri surgxfwlylw|1 Rxu prgho pdnhv wzr srlqwv1 Iluvw/ kljk txdolw| �upv forvh

grzq zkhq wkhlu rshudwlqj ydoxh idoov ehorz wkhlu vdoydjh ydoxh1 E| frqwudvw/ wkh rssruwxqlw|

frvw ri fdsdflw| rshudwhg e| d orz txdolw| �up fdq eh hlwkhu wkh vdoydjh ydoxh ri fdsdflw| ru

wkh ydoxh ri vhoolqj rxw wr kljk txdolw| �upv1 Dv d uhvxow/ wkh oltxlgdwlrq ghflvlrqv ri kljk

dqg orz txdolw| �upv ghshqg lq gl�huhqw zd|v rq wkh ohyho ri ghpdqg1 Vhfrqg/ wkh wrwdo

�up ydoxh dqg wkh rswlpdo rxwsxw surgxfhg e| wkh �up duh dozd|v srvlwlyho| uhodwhg iru

kljk txdolw| �upv/ exw pd| eh qhjdwlyho| uhodwhg iru orz txdolw| �upv1

Zh pdnh wkuhh nh| dvvxpswlrqv lq rughu wr irfxv rq wkh h�hfw ri gl�huhqfhv lq h!flhqf|

ehwzhhq �upv rq wkhlu rswlpdo fdsdflw|1 Iluvw/ wkh ohyho ri ghpdqg lv udqgrp dqg zkhq

ghpdqg xqfhuwdlqw| lv uhvroyhg wkh sulfh ri fdsdflw| dgmxvwv wr fohdu wkh pdunhw1 Vhfrqg/

zh dvvxph wkdw �upv gl�hu lq wkhlu delolw| wr rewdlq rxwsxw iurp dvvhwv1 Vshfl�fdoo|/ zh

dvvxph wkdw wkhuh duh wzr w|shv ri �upv= kljk dqg orz txdolw| �upv1 Wkh �upv glvfryhu

wkhlu w|shv rqo| diwhu wkh lqlwldo glvwulexwlrq ri fdsdflw| lv jlyhq1 D sursruwlrq Z ri �upv

duh kljk txdolw| �upv dqg surgxfh rqh xqlw ri rxwsxw shu xqlw ri fdsdflw|1 Wkh uhpdlqlqj

�3 Z ri wkh �upv surgxfh rqo| _ E_ 	 �� xqlwv ri rxwsxw shu fdsdflw| xqlw1

Wklug/ zh dvvxph wkdw wkh �upv idfh lqfuhdvlqj frvwv ri vxshuylvlrq dqg pdqdjhphqw dv

wkhlu vl}h lqfuhdvhv eh|rqg dq h!flhqw plqlpxp vfdoh1< Ilupv xvh d yduldeoh lqsxw/ fdoohg

oderu/ wrjhwkhu zlwk fdsdflw| xqlwv wr surgxfh rxwsxw1 Dv fdsdflw| lqfuhdvhv eh|rqg wkh

plqlpxp h!flhqw vfdoh/ �upv h{klelw qhrfodvvlfdo ghfuhdvlqj uhwxuqv wr vfdoh/ vr wkdw wkhlu

pdujlqdo frvwv lqfuhdvh zlwk rxwsxw1 Vshfl�fdoo|/ iru hdvh ri h{srvlwlrq zh dvvxph wkdw d

�up zlwk & E& D �� xqlwv ri fdsdflw| idfhv yduldeoh frvwv ri �&2 wr rshudwh hdfk shulrg/

zkhuh � lv d srvlwlyh frqvwdqw wkdw ghshqgv rq wkh frvw ri oderu dqg rwkhu lqsxwv wkdw doo

�upv xvh1

Lq dgglwlrq wr wkhvh nh| dvvxpswlrqv wkdw gulyh rxu prgho/ zh dovr pdnh vhyhudo dvvxps0

wlrqv wkdw hqdeoh xv wr looxvwudwh wkh lvvxhv lq d wudfwdeoh iudphzrun1 Wkh lqlwldo qxpehu ri

�upv ? lq wkh lqgxvwu| lv jlyhq143 Hdfk �up lqlwldoo| rzqv dq h{rjhqrxvo| jlyhq surgxfwlrq

fdsdflw| &1 Wrwdo lqlwldo fdsdflw| lv jlyhq dv g� Ilupv duh dvvxphg wr eh sulfh0wdnhuv dqg

doo surgxfh d krprjhqrxv rxwsxw1 Wkh pdunhw sulfh wkdw wkh fxvwrphuv sd| iru wkh rxwsxw

<Vhh Frdvh +4<6:, dqg Oxfdv +4<:;,/ iru h{dpsoh/ iru dqdo|vhv ri vxfk glvhfrqrplhv ri vfdoh1 Iru hpslulfdo

vxssruw ri ghfuhdvlqj uhwxuqv wr vfdoh vhh Eurfn dqg Hydqv +4<;9,1 Ghfuhdvlqj uhwxuqv wr vfdoh lv wkh vlpsohvw

dvvxpswlrq wkdw ghwhuplqhv d glvwulexwlrq ri �up vl}hv lq frqmxqfwlrq zlwk sulfh wdnlqj ehkdylru1
43Dw wkh hqg ri wklv vhfwlrq zh glvfxvv krz wkh hqwu| ri qhz �upv pd| d�hfw dvvhw wudqvihuv1
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lv ghwhuplqhg dv R ' @ 3 K'c zkhuh ' lv wkh djjuhjdwh surgxfwlrq/ @ lv d srvlwlyh udqgrp

yduldeoh dqg K lv d srvlwlyh frqvwdqw1 Zh dovr dvvxph wkdw wkh rssruwxqlw| frvw ri ixqgv lv

frqvwdqw1 Wr plqlpl}h qrwdwlrq wklv frqvwdqw lv wdnhq wr eh }hur1

Wkhuh duh wkuhh gdwhv= |�c � ' fc �c2� Dw wlph |f/ wkh �upv ohduq wkh ohyho ri ghpdqg lq

wkh lqgxvwu| dqg wkhlu txdolw| uhodwlyh wr rwkhu �upv1 Wkh ohyho ri ghpdqg @ lv uhyhdohg dw

wlph |f dqg uhpdlqv frqvwdqw wkhuhdiwhu1 Dw wlph |� hdfk �up kdv d fkrlfh ri +l, xvlqj lwv

hqwluh fdsdflw| wr surgxfh> +ll, vkxwwlqj grzq dqg vhoolqj doo lwv fdsdflw| wr rwkhu �upv lq

wkh vdph lqgxvwu| ru iru vfuds/ +lll, vhoolqj vrph fdsdflw| dqg xvlqj wkh uhplqghu wr surgxfh/

+ly, ex|lqj fdsdflw| iurp rwkhu �upv dqg surgxflqj ru +y, ex|lqj qhz fdsdflw| iurp dq

h{whuqdo pdunhw1 Fdsdflw| kdv d vfuds ydoxh ri r dw wlph |� dqg wkdw fdsdflw| kdv qr ydoxh

dw wlph |2� Zh dovr dvvxph wkdw wkh vfuds ydoxh lv vx!flhqwo| orz vr wkdw erwk kljk dqg orz

txdolw| �upv zlvk wr rshudwh iru dw ohdvw vrph ghpdqg ohyhov1

Wkh sulfh ri rqh xqlw ri fdsdflw| lq d shuihfw pdunhw iru fdsdflw| xqlwv dw wlph |� lv

htxdo wr o� Dw wlph |�c li wkh sulfh ri fdsdflw| lq wkh vhfrqgkdqg pdunhw/ oc h{fhhgv rc qhz

fdsdflw| fdq eh sxufkdvhg iurp wkh h{whuqdo pdunhw/ zlwk wkh sulfh jlyhq e| dq xszdug

vorslqj lqyhuvh vxsso| fxuyh/ S ' k n qoc kc q : fc zkhuh S lv wkh wrwdo txdqwlw| ri qhz

fdsdflw| sxufkdvhg144 Dw wlph |2 wkh �upv wkdw hohfwhg wr uhpdlq lq wkh lqgxvwu| uhdol}h wkh

sur�wv iurp surgxflqj lq wkh �uvw shulrg1

Ehfdxvh �upv* dyhudjh frvwv lqfuhdvh zlwk vl}h/ wkhuh lv dq htxloleulxp glvwulexwlrq ri

�up vl}hv1 Lq htxloleulxp/ �upv zloo wudgh fdsdflw| xqlwv xqwlo wkh pdujlqdo ydoxh ri hdfk

fdsdflw| xqlw lv wkh vdph lq hdfk �up1 Iru d jlyhq fdsdflw|/ kljk txdolw| �upv surgxfh pruh

rxwsxw wkdq orz txdolw| �upv dqg/ wkhuhiruh/ wkhlu pdujlqdo xqlw ri fdsdflw| kdv d kljkhu

ydoxh1 Dv d uhvxow/ lq htxloleulxp kljk txdolw| �upv duh odujhu wkhq orz txdolw| �upv1

Wkh rswlpdo glvwulexwlrq ri fdsdflw| ghshqgv rq wkh ydoxh ri wkh dgglwlrqdo rxwsxw wkdw

wkh kljk0txdolw| �upv fdq surgxfh zlwk hdfk xqlw ri fdsdflw|1 Dv ghpdqg lqfuhdvhv/ dqg

wkh ydoxh ri wklv dgglwlrqdo rxwsxw lqfuhdvhv1 Wkh kljk0txdolw| �upv lq wkh lqgxvwu| dftxluh

dgglwlrqdo fdsdflw|1 Wklv surfhvv frqwlqxhv xqwlo wkh lqfuhdvh lq wkh ydoxh ri rxwsxw/ wkdw

rffxuv zkhq d xqlw ri fdsdflw| lv wudqvihuuhg iurp d orz0txdolw| wr kljk0txdolw| �up/ mxvw

htxdov wkh qhw lqfuhdvh lq wkh frvwv ri vxshuylvlrq1

Lq wkh iroorzlqj sursrvlwlrq/ zh fkdudfwhul}h wkh rswlpdo rshudwlqj srolflhv ri kljk dqg

44Wkxv/ zh duh dvvxplqj dgmxvwphqw frvwv ru wkdw wkh vxsso| ri fdsdflw| lv qrw shuihfwo| hodvwlf1 Lq d zruog

lq zklfk lqyhvwphqw lqvwdqwdqhrxvo| dgmxvwv wr ghpdqg frqglwlrqv zlwkrxw lqfuhdvlqj wkh pdujlqdo frvw ri

qhz lqyhvwphqw/ wkh frqvlghudwlrqv zh prgho duh qrw lpsruwdqw1 Lq wklv fdvh Wrelq*v T ri doo �upv zrxog

eh htxdo wr rqh1
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orz txdolw| �upv dv ghpdqg ydulhv1

Sursrvlwlrq Dvvxph wkdw wkh rssruwxqlw| frvw ri fdsdflw| rxwvlgh wkh lqgxvwu| lv vx!flhqwo|

orz vr wkdw lw lv rswlpdo iru erwk kljk dqg orz txdolw| �upv wr rshudwh iru vrph ihdvleoh ohyho

ri ghpdqg1 Li wkh gl�huhqfh lq surgxfwlylw| ehwzhhq kljk dqg orz txdolw| �upv lv vx!flhqwo|

elj +pruh suhflvho|/ li _ 	 ?Z

?Zn2q�
,/ wkhq dw |� G

+4, Lq lqgxvwulhv zkhuh ghpdqg lv vx!flhqwo| kljk wkh orz txdolw| �upv vhoo doo wkhlu fdsdflw|

xqlwv wr kljk txdolw| �upv dqg h{lw wkh lqgxvwu|1

+5, Iru lqgxvwulhv zkhuh ghpdqg lv dw lqwhuphgldwh udqjh/ erwk kljk dqg orz txdolw| �upv

surgxfh1 Dw wkh kljk hqg ri wklv lqwhuphgldwh udqjh orz txdolw| �upv vhoo fdsdflw| xqlwv wr

kljk txdolw| �upv1 Dw wkh orz hqg ri wklv udqjh/ erwk w|shv ri �upv pd| vhoo fdsdflw| iru

vdoydjh1

+6, Lq lqgxvwulhv zkhuh ghpdqg lv vx!flhqwo| orz/ erwk kljk dqg orz txdolw| �upv vhoo doo

wkhlu fdsdflw| xqlwv iru vdoydjh dqg h{lw wkh lqgxvwu|1

Surri= Vhh dsshqgl{1

Wkhvh uhvxowv vkrz wkdw li wkh surgxfwlylw| gl�huhqfhv ehwzhhq �upv duh vx!flhqwo| odujh/

wkhq dv wkh ghpdqg ohyho lqfuhdvhv/ wkh gl�huhqfh lq wkh ydoxh ri wkhlu surgxfw fdq ehfrph

vr odujh wkdw lw lv pruh h!flhqw wr vkxw grzq wkh orz txdolw| �upv dqg wudqvihu wkhlu dvvhwv

wr kljk txdolw| �upv1 Wkh pruh lqhodvwlf wkh vxsso| ri qhz fdsdflw|/ wkh orzhu wkh ohyho ri

ghpdqg dw zklfk orz txdolw| �upv vhoo r� doo wkhlu dvvhwv145

Wkh rswlpdo �up vl}h glvwulexwlrq fkdudfwhul}hg lq wkh sursrvlwlrq lpsolhv wkdw kljk dqg

orz txdolw| �upv kdyh gl�huhqw rswlpdo oltxlgdwlrq srolflhv1 Wkh| duh irupdoo| vwdwhg lq wkh

iroorzlqj fruroodu|=

Fruroodu| Iru orz txdolw| �upv wkhuh duh wzr glvmrlqw lqwhuydov ri ghpdqg ohyhov lq zklfk lw

lv rswlpdo wr oltxlgdwh wkh �up*v rshudwlrqv wrwdoo|1 Lq rqh ri wkh lqwhuydov erwk ghpdqg dqg

�up ydoxh duh orz zkhuhdv lq wkh rwkhu lqwhuydo erwk duh kljk1 Lw lv rqo| rswlpdo wr oltxlgdwh

kljk txdolw| �upv zkhq wkh ohyho ri ghpdqg dqg wkhlu ydoxh lv orz1

Wkh uhodwlrqvkls ehwzhhq wkh ydoxh ri wkh �up dqg wkh dprxqw ri fdsdflw| rshudwhg e|

wkh �up lv gl�huhqw iru wkh wzr w|shv ri �upv1 Zlwk kljk txdolw| �upv wkh wzr lqfuhdvh

prqrwrqlfdoo| zlwk ghpdqg1 E| frqwudvw/ zlwk orz txdolw| �upv/ dw kljk ghpdqg/ ydoxh lv

pd{lpl}hg e| vhoolqj fdsdflw|1 Wkxv/ li �upv duh pdqdjhg e| djhqwv zkrvh frpshqvdwlrq

ghshqgv rq wkh dprxqw ri fdsdflw| wkh| frqwuro/ wkh lqwhuhvw ri wkh djhqwv dqg rzqhuv zloo

45Wkh ydoxh ri orz txdolw| �upv vwloo lqfuhdvhv zlwk ghpdqg dv wkh| vhoo r� wkhlu fdsdflw|1 Wkh �up*v ydoxh

lv wkh vxp ri wkh pdunhw ydoxh ri wkh �up*v dvvhwv dqg wkh �up*v sur�wv iurp rshudwlrqv1

:



eh gluhfwo| rssrvhg zkhq ghpdqg lv kljk dqg wkh �up lv ri orz txdolw|1

Lq wkh orqj uxq/ hqwu| ri qhz �upv ru lqfuhdvhg lqyhvwphqw e| h{lvwlqj �upv fdq d�hfw wkh

wudqvihu ri dvvhwv dv ghpdqg fkdqjhv1 Iru vx!flhqwo| kljk ghpdqg qhz �upv pd| hqwhu wkh

lqgxvwu| ru h{lvwlqj �upv pd| �qg lw sur�wdeoh wr frqvwuxfw dgglwlrqdo fdsdflw|1 Ryhu wlph/

hqwu| ri qhz �upv dqg wkh frqvwuxfwlrq ri qhz fdsdflw| e| kljk txdolw| h{lvwlqj �upv zrxog

glvsodfh h{lvwlqj �upv nqrzq wr eh ri orz txdolw|1 Li wkh dwwulexwhv ri kljk txdolw| �upv gr

qrw fkdqjh ryhu wlph/ wkhq dv lq Mrydqrylf +4<;5,/ wkh �upv lq wkh lqgxvwu| zrxog ehfrph

pruh krprjhqhrxv dv wkh orz txdolw| �upv zhuh zhhghg rxw dqg wkh lqgxvwu| dwwdlqhg d

orqj0uxq htxloleulxp1 Lq vxfk d orqj0uxq htxloleulxp wudqvihuv ri fdsdflw| ehwzhhq pruh dqg

ohvv h!flhqw �upv zrxog qrw eh pdwhuldo1 Krzhyhu/ li ryhu wlph wkh frpsdudwlyh dgydqwdjh

vkliwv dprqj �upv dv d uhvxow ri whfkqrorjlfdo fkdqjh ru fkdqjhv lq frqvxphu suhihuhqfhv/

wkhq wudqvihuv ri dvvhwv ehwzhhq �upv zrxog shuvlvw lq wkh orqj uxq/ dqg zrxog eh d�hfwhg

e| fkdqjhv lq wkh ohyho ri ghpdqg wkdw zh prgho146

515 Edqnuxswf| dqg Oltxlgdwlrqv

Edqnuxswf| dqg �qdqfldo vwuxfwxuh �w lqwr wklv iudphzrun dv wrrov wr surprwh rswlpdo

oltxlgdwlrq zkhq wkh �up lv frqwuroohg e| djhqwv zkr pd| qrw pd{lpl}h �up ydoxh1 Zh qh{w

glvfxvv krz �qdqfldo vwuxfwxuhv wkdw idflolwdwh ydoxh pd{lpl}dwlrq ghwhuplqh wkh fkdudfwhu0

lvwlfv ri wkh �upv wkdw ehfrph edqnuxsw dw gl�huhqw ohyhov ri ghpdqg1 Ehorz/ zh xvh wkhvh

suhglfwlrqv wr prwlydwh hpslulfdo whvwv ri edqnuxswf| frvwv= zh whvw zkhwkhu edqnuxswf|

vwdwxv d�hfwv wkh olnholkrrg wkdw d �up hqjdjhv lq ydoxh pd{lpl}lqj wudqvihuv suhglfwhg e|

wkh prgho1

Vhyhudo uhfhqw frqwulexwlrqv wr wkh olwhudwxuh dujxh wkdw frusrudwh lqvlghuv kdyh lqfhqwlyhv

wr frqwlqxh wkh �up*v rshudwlrqv zkhq ixoo ru sduwldo oltxlgdwlrq pd{lpl}hv wkh ydoxh ri wkh

frusrudwlrq +vhh/ iru h{dpsoh/ Kduulv dqg Udyly +4<<4,/ Gldprqg +4<<6, dqg Kduw dqg Prruh

+4<<8,,1 Li vxfk frq lfwv h{lvw/ wkhq �qdqfldo vwuxfwxuhv wkdw irufh wkh �up lqwr edqnuxswf|

zkhq oltxlgdwlrq pd{lpl}hv wkh �up*v ydoxh pd| eh rswlpdo1

46Wkh lpsruwdqfh ri fdsdflw| wudqvihuv zrxog eh uhgxfhg li h{lvwlqj kljk0txdolw| �upv fdq dftxluh qhz

fdsdflw| e| exloglqj lw/ udwkhu wkdq e| ex|lqj lw iurp orzhu txdolw| �upv1 Wklv jhqhudol}dwlrq zrxog qrw

d�hfw wkh txdolwdwlyh uhvxowv deryh li wkh sulfh ri qhz fdsdflw| lqfuhdvhv zkhq lqgxvwu| ghpdqg lv kljk1 Li wkh

sulfh ri qhz fdsdflw| lv lqghshqghqw ri ghpdqg/ wkhq wkh sulfh ri fdsdflw| zrxog eh frpsohwho| h{rjhqrxvo|

ghwhuplqhg/ dqg zrxog qrw d�hfw wkh glvwulexwlrq ri �up vl}hv1 Lq sudfwlfh/ vxfk shuihfw dgmxvwphqw lv

xqolnho|1 Xqh{shfwhg ghpdqg vkrfnv/ frqyh{ frvwv ri dgmxvwphqw dqg �{hg frvwv ri hqwu| lqwr wkh lqgxvwu|

lqwurgxfh iulfwlrqv lqwr wkh dgmxvwphqw surfhvv1 Wkh dvvxpswlrq wkdw wkhuh h{lvwv frqyh{ dgmxvwphqw frvwv

ri dgglqj qhz fdsdflw| lv wkurxjko| grfxphqwhg lq Fdehoohur/ Hqjho/ dqg Kdowlzdqjhu +4<<8,1

;



Oltxlgdwlrq srolf| pxvw dgguhvv wzr gl�huhqw rxwfrphv/ forvxuhv zkhq ghpdqg lv orz dqg

dvvhw wudqvihuv zkhq ghpdqg lv kljk1 Frqvlghu �uvw wkh oltxlgdwlrq uhjlrq lq zklfk ghpdqg

lv orz dqg lw lv rswlpdo wr forvh wkh �up dqg vhoo lwv dvvhwv iru vdoydjh1 Rswlpdo oltxlgdwlrq

fdq eh h�hfwhg e| d ghew vwuxfwxuh wkdw fdxvhv wkh �up wr ehfrph lqvroyhqw zkhq lwv ydoxh

lv orz1 Vxfk srolflhv d�hfw rswlpdo oltxlgdwlrq iru erwk kljk dqg orz txdolw| �upv vlqfh wkh

ydoxhv ri wkh wzr w|shv ri �upv frqyhujh iru orz ghpdqg1 Forvxuh ri vrph �upv pd| eh

rswlpdo/ qrw rqo| ehfdxvh ri uhodwlyh �up lqh!flhqf|/ exw dovr ehfdxvh ri h{fhvv lqgxvwu|

fdsdflw| uhodwlyh wr ghpdqg1

Vhfrqg/ frqvlghu zkhq ghpdqg lv kljk dqg wkh rswlpdo oltxlgdwlrq srolf| lv iru lqh!flhqw

�upv wr vhoo wkhlu fdsdflw| wr h!flhqw �upv1 Wklv vhfrqg oltxlgdwlrq uhjlrq rffxuv zkhq dq

lqh!flhqw �up*v ydoxh iurp frqwlqxlqj rshudwlrqv lv ohvv wkdq wkh ydoxh ri lwv dvvhwv wr kljk

txdolw| �upv1 Li wkhuh h{lvw frvwv ri �qdqfldo glvwuhvv ru edqnuxswf|/ lw lv frvwo| wr hqirufh

oltxlgdwlrq lq wklv uhjlrq e| wkh fkrlfh ri dq dssursuldwh �qdqfldo vwuxfwxuh1 Hqirufhphqw lv

gl!fxow ehfdxvh lq wklv uhjlrq wkh ryhudoo ohyho ri lqgxvwu| fdvk  rzv lv kljk1 Dw ohyhov ri ghew

kljk hqrxjk wr hqvxuh oltxlgdwlrq/ erwk h!flhqw �upv dqg lqh!flhqw �upv pd| dovr ehfrph

lqvroyhqw li wkh uhdol}hg ghpdqg lv orzhu1 Dv d uhvxow/ lw lv rswlpdo wr hqirufh oltxlgdwlrq lq

wklv uhjlrq rqo| li wkh frvwv ri lqvroyhqf| iru �upv wkdw vkrxog qrw eh oltxlgdwhg duh orz/ ru

li wkh orz txdolw| �upv duh vr lqh!flhqw wkdw wkhlu rshudwlqj sur�w lv yhu| orz hyhq dw kljk

ohyhov ri ghpdqg1

Vhyhudo suhglfwlrqv/ wkdw zh vxevhtxhqwo| whvw hpslulfdoo|/ fdq eh gudzq iurp wklv glv0

fxvvlrq ri dvvhw uhghsor|phqw lq dq lqgxvwu| vhwwlqj=

Iluvw/ li wkhuh duh frvwv ri lqvroyhqf|/ ghew ohyhov duh vhw wr irufh erwk kljk dqg orz txdolw|

�upv lqwr edqnuxswf| zkhq ghpdqg lv orz dqg wr irufh rqo| orz txdolw| �upv wkdw duh yhu|

lqh!flhqw lqwr edqnuxswf| zkhq ghpdqg lv kljk1 Iru dq| �{hg ghew ohyho/ wkhuh zloo d

kljkhu lqflghqfh ri edqnuxswf| lq orz ghpdqg lqgxvwulhv1 Li wkhuh duh qr vljql�fdqw frvwv ri

lqvroyhqf|/ wkhq ghew ohyhov duh vhw vx!flhqwo| kljk wr irufh hyhq prghudwho| lqh!flhqw orz

txdolw| �upv lqwr edqnuxswf| dw kljk ghpdqg1 Wkxv/ lq wkh iruphu fdvh wkh srsxodwlrq ri

edqnuxsw �upv lq orz ghpdqg lqgxvwulhv lv forvh wr d furvv0vhfwlrq ri wkh lqgxvwu| dv d zkroh/

zkhuhdv wkh srsxodwlrq ri �upv wkdw duh edqnuxsw lq kljk ghpdqg lqgxvwulhv lv vljql�fdqwo|

ohvv h!flhqw wkdq wkh lqgxvwu| dyhudjh1 Wkh juhdwhu wkh frvwv ri lqvroyhqf|/ wkh juhdwhu wkh

gl�huhqfh lq h!flhqf| ehwzhhq wkh srsxodwlrq ri edqnuxsw �upv dqg wkh lqgxvwu| dyhudjh

lq kljk ghpdqg lqgxvwulhv1

Vhfrqg/ frq lfwv ehwzhhq fodlpdqwv duh olnho| wr eh pruh vhyhuh lq kljk ghpdqg lqgxvwulhv

ehfdxvh wkh rssruwxqlw| frvw ri wkh �up*v dvvhwv lv kljkhu zkhq wkh ghpdqg lv kljk1 Wkxv/
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frvwv ri edqnuxswf|/ li wkh| h{lvw/ duh dovr olnho| wr eh kljkhu zkhq lqgxvwu| ghpdqg lv kljk

wkdq zkhq lqgxvwu| ghpdqg lv orz1

Wklug/ wkh prgho suhglfwv wkdw dq lpsruwdqw fodvv ri srwhqwldo djhqf| frvwv lq edqnuxswf|

wr eh frqvlghuhg lq kljk ghpdqg lqgxvwulhv lv wkh idloxuh wr vhoo dvvhwv wr rwkhu �upv lq wkh

lqgxvwu| dv vrrq dv lw lv h!flhqw wr gr vr1 Zh fdq ghwhuplqh zkhwkhu wklv hfrqrplf frvw

pd| h{lvw e| frpsdulqj surgxfwlylw| xqghu qhz rzqhuvkls ri dvvhwv iru edqnuxsw dqg qrq0

edqnuxsw �upv lq kljk ghpdqg lqgxvwulhv147

Irxuwk/ wkh prgho suhglfwv wkdw d srwhqwldoo| lpsruwdqw edqnuxswf| frvw lq orz ghpdqg

lqgxvwulhv pd| eh wkh idloxuh wr oltxlgdwh dvvhwv e| forvlqj wkhp dv vrrq dv lw lv h!flhqw wr

gr vr1 Wkh h{lvwhqfh ri wklv frvw pd| eh phdvxuhg e| frpsdulqj wkh forvxuh ghflvlrqv ri

edqnuxsw dqg qrq0edqnuxsw �upv lq orz ghpdqg lqgxvwulhv1

Iliwk/ wkh revhuydwlrq/ pdgh e| Krwfknlvv +4<<8,/ wkdw �upv wkdw hphujh iurp edqnuxswf|

duh ohvv sur�wdeoh dqg duh vpdoohu wkdq qrq0edqnuxsw �upv grhv qrw qhfhvvdulo| lpso| wkdw

wkh edqnuxswf| surfhvv kdv idlohg1 Dv wkh deryh uhvxowv vxjjhvw/ ryhu vrph ghpdqg udqjhv

lw pd| eh h!flhqw iru dw ohdvw vrph orz txdolw| �upv wr uhpdlq lq wkh lqgxvwu|148

61 Hpslulfdo Dqdo|vlv= Krz Lpsruwdqw duh Lqgxvwu| FrqglwlrqvB

Zh h{soruh wkh suhylrxv suhglfwlrqv derxw krz lqgxvwu| ghpdqg dqg vxsso| frqglwlrqv/

dorqj zlwk �up idfwruv/ lq xhqfh wkh surgxfwlylw| dqg lqyhvwphqw ghflvlrqv ri �upv lq Fkds0

whu 441 Rxu qxoo k|srwkhvlv lv wkdw ydoxh pd{lpl}lqj wudqvihuv rffxu dqg duh uhodwhg wr gh0

pdqg dqg surgxfwlylw| frqglwlrqv/ dqg wkdw wkhuh duh qr edqnuxswf| frvwv1 Zh lqyhvwljdwh

erwk orqj0uxq fkdqjhv lq lqgxvwu| vklsphqwv dqg vkruw0uxq fkdqjhv lq djjuhjdwh lqgxvwu|

lqyhvwphqw wr h{dplqh zkhwkhu lqh!flhqw �upv �oh iru Fkdswhu 44 dqg zkhwkhu lqgxvwu| gh0

pdqg dqg vxsso| frqglwlrqv lq xhqfh wkh rxwfrphv ri wkh edqnuxswf| surfhvv1 Wkh rxwfrphv

h{dplqhg lqfoxgh dvvhw vdohv/ sodqw forvxuhv dqg uhrujdql}dwlrqv1 Wkh ghwdlohg plfur0ohyho

sodqw gdwd zh xvh doorzv xv wr frqwuro iru wklv fkdqjlqj dvvhw frpsrvlwlrq dqg frpsduh wkh

surgxfwlylw| ri dvvhwv ehiruh/ gxulqj/ dqg diwhu hphujhqfh iurp Fkdswhu 441

47Wklv |lhogv d orzhu erxqg ehfdxvh zh gr qrw nqrz krz pdq| ydoxh pd{lpl}lqj dvvhw vdohv gr qrw rffxu

ehfdxvh wkh| duh suhyhqwhg e| djhqf| frq lfwv1
48Lq d pxowl0shulrg prgho wkhuh zrxog dq hyhq odujhu ehqh�w wr orz txdolw| �upv uhpdlqlqj lq wkh lqgxvwu|/

rshudwlqj dw wkh plqlpxp vfdoh dqg vhoolqj vxusoxv dvvhwv1 Wklv ehqh�w zrxog dulvh iurp wkh rswlrq ydoxh

ri uhpdlqlqj lq wkh lqgxvwu| dqg jdlqlqj iurp hlwkhu dq lqfuhdvh lq ghpdqg ru dq lpsuryhphqw lq wkh �up*v

rzq h!flhqf|1 Wklv h�hfw lv dnlq wr wkh rswlrq ydoxh ri qrw forvlqj d orvv0pdnlqj plqh lq Euhqqdq dqg

Vfkzduw} +4<;8,1
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614 Gdwd

Zh h{dplqh d vdpsoh ri 635 �upv wkdw �ohg iru Fkdswhu 441 Wkh �upv kdg wr vdwlvi|

wzr edvlf fulwhuld iru lqfoxvlrq lq rxu vdpsoh1 Iluvw/ wkh �up kdg wr eh d pdqxidfwxulqj

�up surgxflqj surgxfwv lq VLF frghv 533306<<<1 Vhfrqg/ wkh edqnuxswf| kdg wr rffxu lq

wkh |hduv 4<:;04<;<1 Erwk ri wkhvh uhtxluhphqwv dulvh ehfdxvh ri wkh xqltxh qdwxuh ri wkh

plfur0ohyho gdwd wkdw zh xvh wr dqdo|}h sodqw0ohyho surgxfwlylw|1 Wkh vdpsoh dqg whvwv gr

lqfoxgh �upv zklfk ghfoduhg Fkdswhu 44 uhrujdql}dwlrq dqg vxevhtxhqwo| fkdqjhg vwdwxv wr

Fkdswhu :1 Zh wkxv lqfoxgh doo �upv zkloh lq Fkdswhu 44 luuhjdugohvv ri zkhwkhu ru qrw wkh|

hphujh/ wkxv dyrlglqj vxuylyruvkls eldv1

Rxu vdpsoh ri Fkdswhu 44 edqnuxsw �upv frphv iurp vhyhudo gl�huhqw vrxufhv1 Wkh prvw

h{kdxvwlyh vrxufh zh xvh lv d frpsuhkhqvlyh olvw frpslohg e| wkh Vhfxulwlhv dqg H{fkdqjh

Frpplvvlrq/ zklfk zdv nlqgo| surylghg wr xv e| Grxjodv Ehupdq1 Rxu vdpsoh dovr lqfoxghv

�upv frqwdlqhg lq Ehwnhu +4<<8, dqg Dowpdq +4<;7,1 Ilqdoo| zh h{dplqhg wkh Zdoo Vwuhhw

Mrxuqdo Lqgh{ iru dgglwlrqdo �upv1 Iurp wkhvh vrxufhv/ 6<6 �upv vdwlv�hg rxu fulwhuld iru

vdpsoh lqfoxvlrq1 Zh wkhq yhul�hg wkh rxwfrph ri wkh edqnuxswf| surfhvv xvlqj Oh{lv 0

Qh{lv dqg wkh Zdoo Vwuhhw Mrxuqdo Lqgh{1 Zh fodvvl�hg wkh rxwfrph ri wkh edqnuxswf|

surfhvv dv hlwkhu sodq frq�uphg dqg hphujhg/ �up vwloo lq Fkdswhu 44/ ru vwdwxv fkdqjhg wr

Fkdswhu : xqghu zklfk wkh �up zdv oltxlgdwhg1 Iru �upv iru zklfk zh zhuh xqdeoh wr �qg d

edqnuxswf| uhvroxwlrq gdwh/ zh orfdwhg skrqh qxpehuv iurp Zdugv Exvlqhvv Gluhfwru| dqg

sodfhg fdoov wr wkhvh �upv1 Zh zhuh deoh wr yhuli| wkh uhvroxwlrq ri wkh edqnuxswf| surfhvv

iru dq dgglwlrqdo 53 �upv lq wklv pdqqhu1

Zh xvh gdwd iurp wkh Orqjlwxglqdo Uhvhdufk Gdwdedvh +OUG,/ orfdwhg dw wkh Fhqwhu

iru Hfrqrplf Vwxglhv dw wkh Exuhdx ri wkh Fhqvxv1 Wkh OUG gdwdedvh frqwdlqv ghwdlohg

sodqw0ohyho gdwd rq wkh ydoxh ri vklsphqwv surgxfhg e| hdfk sodqw/ lqyhvwphqw eurnhq grzq

e| htxlsphqw dqg exloglqjv/ dqg wkh qxpehu ri hpsor|hhv1 Wkhuh duh vhyhudo dgydqwdjhv

wr wklv gdwdedvh lq dgglwlrq wr ghwdlohg sodqw0ohyho gdwd1 Iluvw/ wkh gdwdedvh fryhuv erwk

sxeolf dqg sulydwh �upv lq pdqxidfwxulqj lqgxvwulhv1 Wklv pl{ lv hvshfldoo| dgydqwdjhrxv

zkhq h{dplqlqj �upv lq edqnuxswf|1 Zh fdq h{dplqh sxeolf �upv zklfk vxevhtxhqwo| gr

qrw hphujh iurp Fkdswhu 44 ru hphujh dv sulydwh �upv1 Vhfrqg/ fryhudjh lv dw wkh sodqw

ohyho dqg rxwsxw lv dvvljqhg e| sodqwv dw wkh 7 gljlw lqgxvwu| VLF frgh ohyho1 Wkxv/ �upv

wkdw surgxfh lq pxowlsoh VLF frghv duh qrw dvvljqhg wr mxvw rqh lqgxvwu|1 Wklug/ fryhudjh dw

wkh sodqw ohyho doorzv xv wr wudfn sodqwv hyhq dv wkh| fkdqjh rzqhuv1 Irxuwk/ wkh gdwdedvh
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lghqwl�hv zkhq sodqwv duh forvhg dqg qrw phuho| fkdqjlqj rzqhuvkls149

Wkh OUG fryhuv dssur{lpdwho| 83/333 pdqxidfwxulqj sodqwv hyhu| |hdu lq wkh Dqqxdo

Vxuyh| ri Pdqxidfwxuhv +DVP,/ wkh gdwdedvh zh xwlol}h1 Lq wkh DVP/ sodqwv duh fryhuhg

zlwk fhuwdlqw| li wkh| kdyh juhdwhu wkdq 583 hpsor|hhv/ dqg vpdoohu sodqwv duh udqgrpo|

vhohfwhg hyhu| �iwk |hdu wr frpsohwh d urwdwlqj 8 |hdu sdqho1 Zh frq�qh rxu dqdo|vlv wr 4<::

0 4<<31 Zh xvh 4<:: dv wkh vwduwlqj |hdu ri rxu dqdo|vlv ehfdxvh lw lv d frpsohwh Fhqvxv

|hdu1 Hduolhu qdph uhfrugv iru wkh �upv lq wklv sdqho duh lqfrpsohwh wkxv pdnlqj lw gl!fxow

wr lghqwli| edqnuxsw �upv lq wkh hduo| *:3v1 4<<3 lv wkh odvw |hdu ri gdwd dydlodeoh dw wkh

wlph wkh dqdo|vlv zdv xqghuwdnhq1

Zh pdwfkhg rxu vdpsoh ri edqnuxsw �upv wr qdph uhfrugv iurp wkh OUG1 Zh zhuh

xqdeoh wr pdwfk wkh qdphv ri vhyhudo �upv hlwkhu ehfdxvh wkh| zhuh qrw pdqxidfwxulqj

�upv ru ehfdxvh zh zhuh xqdeoh wr �qg wkh qdph uhfrugv iru wkh �upv lq wkh OUG1 Qdph

uhfrugv pd| qrw eh deoh wr eh pdwfkhg iru vhyhudo srwhqwldo uhdvrqv1 Wkh edqnuxsw �up

pd| eh sduw ri d odujhu frusrudwlrq dqg wkh qdph uhfrugv lq wkh OUG duh iuhtxhqwo| dw wkh

glylvlrq ohyho/ qdph fkdqjhv dw wkh �up ohyho pd| qrw eh xsgdwhg lq wkh OUG/ ru ehfdxvh

ri deeuhyldwlrqv lq �up qdphv wkdw gr qrw shuplw xqltxh lghqwl�fdwlrq1 Jlyhq wkdw wkh

uhpdlqlqj �upv iru zklfk zh zhuh xqdeoh wr �qg d uhvroxwlrq gdwh zhuh jhqhudoo| vpdoo

�upv wkdw fkdqjhg qdphv/ zh xvhg wkh Orqjlwxglqdo Uhvhdufk Gdwdedvh +OUG, wr orfdwh

vxevhtxhqw qdph fkdqjhv iru wkhvh �upv1 Ri wkh ruljlqdo 6<6 �upv/ 635 �upv uhpdlqhg

lq rxu �qdo vdpsoh ri pdwfkhg �upv zlwk yhul�fdwlrq wkdw wkhuh zdv hlwkhu d uhvroxwlrq ri

edqnuxswf| ru wkdw wkh �up uhpdlqhg lq edqnuxswf|1

615 Yduldeoh Vhohfwlrq

Zh xvh erwk sodqw0ohyho h!flhqf| yduldeohv dqg lqgxvwu|0ohyho yduldeohv lq rughu wr whvw rxu

k|srwkhvhv wkdw wkhuh duh qr edqnuxswf| frvwv dqg wkdw ydoxh0pd{lpl}lqj wudqvihuv rffxu

iru edqnuxsw �upv1 Zh h{dplqh zkhwkhu sodqw0ohyho h!flhqf| dqg dvvhw vdoh dqg forvxuh

ghflvlrqv duh gl�huhqw wkdq wkh ghflvlrqv ri lqgxvwu| frpshwlwruv1 Wkh iroorzlqj vhfwlrq

ghvfulehv wkh yduldeohv xvhg1

49D srwhqwldo glvdgydqwdjh ri wklv gdwdedvh lv wkdw lw grhv qrw kdyh fdslwdo vwuxfwxuh gdwd1 Zh kdyh erwk

sulydwh dqg sxeolf �upv dqg wkxv fdqqrw dgg wklv gdwd dv pdq| ri wkh �upv duh sulydwh/ lq dgglwlrq wr wkh

h{whqvlyh pdwfklqj wkdw zrxog eh uhtxluhg1 Krzhyhu/ zh lghqwli| edqnuxswf| vwdwxv dqg/ wkxv/ fdq whvw rxu

qxoo k|srwkhvhv ri qr edqnuxswf| frvwv dqg wkdw wudqvihuv dqg forvxuhv duh xqd�hfwhg e| edqnuxswf| vwdwxv1
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61514 Surgxfwlylw| dqg Fdvk Iorz Yduldeohv

Zh fdofxodwh erwk surgxfwlylw| dqg d vlpsoh phdvxuh ri sodqw fdvk  rz iru wkh edqnuxsw

dqg qrq0edqnuxsw lqgxvwu| �upv1 Rshudwlqj fdvk  rz lv d vlpsoh phdvxuh ri shuirupdqfh

wkdw lv fdofxodwhg dv wkh ydoxh ri vklsphqwv ohvv oderu/ pdwhuldov dqg hqhuj| frvwv glylghg e|

ydoxh ri vklsphqwv1 Wklv phdvxuh lv fdofxodwhg dw wkh sodqw0 dqg �up0ohyho/ qrwlqj wkdw dw

qhlwkhu wkh sodqw0 qru �up0ohyho gr zh kdyh frusrudwh ryhukhdg ru frusrudwh vhoolqj/ jhqhudo

dqg dgplqlvwudwlrq h{shqvh1 Wkh fdvk  rz phdvxuh lv wkxv dq rshudwlqj pdujlq1

Rxu sulpdu| phdvxuh ri shuirupdqfh lv Wrwdo Idfwru Surgxfwlylw| +WIS,1 WIS frpsduhv

wkh dfwxdo dprxqw ri rxwsxw surgxfhg iru d jlyhq dprxqw ri lqsxwv zlwk d suhglfwhg dprxqw

ri rxwsxw1 Suhglfwhg rxwsxw lv zkdw wkh sodqw vkrxog kdyh surgxfhg jlyhq wkh dprxqw ri

lqsxwv lw xvhg1 D sodqw wkdw surgxfhv pruh wkdq wkh suhglfwhg dprxqw ri rxwsxw/ jlyhq lwv

dfwxdo lqsxwv/ kdv d juhdwhu wkdq dyhudjh surgxfwlylw|1 Wklv phdvxuh kdv wkh dgydqwdjh ryhu

wkh vlpsoh fdvk  rz phdvxuh lq wkdw lw lv pxfk pruh  h{leoh 0 dqg grhv qrw lpsrvh wkh

uhvwulfwlrq ri frqvwdqw uhwxuqv wr vfdoh dqg frqvwdqw hodvwlflw| ri vfdoh wkdw d �groodu0lq� 0

�groodu0rxw� fdvk  rz phdvxuh lpsrvhv1

Lq fdofxodwlqj wkh suhglfwhg rxwsxw ri hdfk sodqw zh pdnh dq dvvxpswlrq derxw wkh

ixqfwlrqdo irup ri wkh �up*v surgxfwlrq ixqfwlrq zklfk gh�qhv wkh uhodwlrqvkls ehwzhhq wkh

sodqw*v lqsxwv dqg rxwsxwv1 Zh wkhq rewdlq WIS dv wkh uhvlgxdo iurp wkh hvwlpdwlrq ri d

surgxfwlrq ixqfwlrq xvlqj doo sodqwv lq wkh lqgxvwu| iurp 4<::04<<314:

Zh dvvxph wkdw doo wkh sodqwv lq rxu vdpsoh kdyh d wudqvorj surgxfwlrq ixqfwlrq1 Wklv

ixqfwlrqdo irup lv d vhfrqg0ghjuhh dssur{lpdwlrq wr dq| duelwudu| surgxfwlrq ixqfwlrq dqg

wkxv wdnhv lqwr dffrxqw lqwhudfwlrqv ehwzhhq lqsxwv14; Wr hvwlpdwh suhglfwhg rxwsxwv zh

wdnh wkh wudqvorj surgxfwlrq ixqfwlrq dqg uxq d uhjuhvvlrq ri orj +wrwdo ydoxh ri vklsphqwv,

rq orj ri lqsxwv 0 lqfoxglqj furvv surgxfw dqg vtxduhg whupv=

*?'�| ' �� n @� *?u��| n
�-
�'�

�-
&'�

@�& *?u��| *?u&�|c

4:Rxu dssurdfk iroorzv Nryhqrfn dqg Skloolsv +4<<8,1 Dowhuqdwlyho|/ suhglfwhg rxwsxwv iru hdfk sodqw fdq

eh fdofxodwhg xvlqj dyhudjhv ri hdfk ri wkh lqsxwv lq wkh lqgxvwu| dqg wkh sodqw*v rzq lqsxwv1 Krzhyhu/ wkh

uhjuhvvlrq dssurdfk kdv wkh dgydqwdjh wkdw wkh fdofxodwhg dyhudjh WIS lv }hur iru hdfk lqgxvwu|1 Wkxv/ wkh

WIS qxpehuv zh suhvhqw ghvfuleh wkh sodqw*v surgxfwlylw| uhodwlyh wr rwkhuv lq wkh lqgxvwu|1 Dq dgglwlrqdo

dgydqwdjh ri rxu dssurdfk lv wkdw lw grhv qrw lpsrvh frqvwdqw uhwxuqv wr vfdoh qru frqvwdqw hodvwlflw| ri

vxevwlwxwlrq1
4;Wkh wudqvorj surgxfwlrq ixqfwlrq kdv ehhq xvhg e| Nlp dqg Pdnvlprylf +4<<3, lq d vwxg| ri djhqf|

frvwv dqg dluolqh surgxfwlylw| dqg e| Fdyhv dqg Eduwrq +4<<4,1
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zkhuh '�| uhsuhvhqwv rxwsxw ri sodqw �/ lq |hdu |/ wkh txdqwlw| +�c & ' �c ���c�,/ ghqrwhv wkh

txdqwlw| ri lqsxw � ru & xvhg lq surgxfwlrq iru sodqw � iru wlph shulrg |1 �� lv d whfkqrorj|

vkliw sdudphwhu/ dvvxphg wr eh frqvwdqw e| lqgxvwu|/ dqg @� '
 �

�'� @�� lqgh{hv uhwxuqv wr

vfdoh1 Zh vwdqgdugl}h sodqw0ohyho WIS e| glylglqj e| wkh vwdqgdug ghyldwlrq ri WIS iru hdfk

lqgxvwu|1 Wkxv/ rxu uhvxowv duh qrw gulyhq e| gl�huhqfhv dfurvv lqgxvwulhv lq wkh glvshuvlrq

ri surgxfwlylw| lq hdfk lqgxvwu|1

Lq hvwlpdwlqj wkh WISv iru sodqwv lq rxu vdpsoh zh xvh gdwd iru ryhu 833/333 sodqw |hduv/

dqg dssur{lpdwho| 83/333 sodqwv hdfk |hdu1 Ryhu <3 shufhqw ri wkh sodqwv lq wkh DVP lq

wklv shulrg duh lq dq lqgxvwu| lq zklfk d �up kdv �ohg iru Fkdswhu 441 Dv h{sodqdwru|

yduldeohv lq wkh surgxfwlylw| uhjuhvvlrq iru hdfk lqgxvwu| zh lqfoxgh wkuhh gl�huhqw w|shv ri

lqsxwv= fdslwdo/ oderu/ dqg pdwhuldov1 Doo ri wkhvh gdwd h{lvw dw wkh sodqw ohyho1 Krzhyhu/

wkh DVP grhv qrw frqwdlq wkh dfwxdo txdqwlw| vklsshg e| hdfk sodqw exw udwkhu wkh ydoxh

ri vklsphqwv1 Dv d uhvxow/ zh wdnh wkh gl�huhqfh ehwzhhq dfwxdo vklsphqwv dqg suhglfwhg

vklsphqwv dv rxu phdvxuh ri WIS1 Lq dwlrq dgmxvwphqwv wr wkh gdwd duh pdgh xvlqj 7 gljlw

VLF frgh gdwd iurp wkh Eduwhovpdq dqg Jud| +4<<7, gdwdedvh1 Ghsuhfldwlrq dgmxvwphqwv

duh pdgh dw wkh wzr gljlw ohyho xvlqj gdwd iurp wkh Exuhdx ri Hfrqrplf Dqdo|vlv1 Wkhvh

lqsxwv dqg krz zh dffrxqw iru lq dwlrq dqg ghsuhfldwlrq ri fdslwdo vwrfn duh ghvfulehg lq

pruh ghwdlo lq Nryhqrfn dqg Skloolsv +4<<8,14<

Lq dgglwlrq wr wkh surgxfwlylw| dqg fdvk  rz yduldeohv dw wkh sodqw ohyho/ zh lqfoxgh rwkhu

�up dqg sodqw0ohyho yduldeohv wr khos frqwuro iru xqphdvxuhg surgxfwlylw| gl�huhqfhv dqg

rwkhu idfwruv vxfk dv vl}h wkdw pd| lq xhqfh wkh dvvhw vdoh dqg forvxuh ghflvlrq1 Zh lqfoxgh

wkh orj ri �up vl}h/ uhodwlyh sodqw vfdoh/ sodqw djh dqg wkh qxpehu ri sodqwv d �up rshudwhv1

Ilup vl}h lv wkh wrwdo ydoxh ri vklsphqwv1 Wkh qxpehu ri sodqwv dqg vl}h pd| lq xhqfh wkh

forvxuh ghflvlrq dv �upv pd| uhdoorfdwh surgxfwlrq wr rwkhu sodqwv li wkhuh lv xqghuxwlol}hg

fdsdflw|1 Sodqw vfdoh lv wkh sodqw*v dvvhw vl}h glylghg e| wkh dyhudjh dvvhw vl}h iru sodqwv lq

hdfk lqgxvwu|1 Sodqw djh lv wkh hduolhu ri 4<:5/ wkh �uvw |hdu ri wkh gdwdedvh/ ru wkh �uvw |hdu

wkh sodqw dsshduhg lq wkh gdwdedvh1

61515 Lqgxvwu| Yduldeohv= Vklsphqwv dqg Fdsdflw| Xwlol}dwlrq

Zh irfxv rq vklsphqw ru rxwsxw jurzwk dqg lqgxvwu| frqglwlrqv iru wkuhh uhdvrqv1 Iluvw/

zh zdqw wr fdswxuh zkdw lv wkh ydoxh ri fdslwdo dqg wkh ydoxh ri wudqvihuulqj dvvhwv lq dq

lqgxvwu|1 Vhfrqg/ wkhuh pd| eh dq �rswlrq0olnh� h�hfw1 Ilupv pd| eh ohvv olnho| wr forvh

4<Iru d pruh ghwdlohg ghvfulswlrq ri wkh wkh Orqjlwxglqdo Uhvhdufk Gdwdedvh +OUG, vhh PfJxfnlq dqg

Sdvfrh +4<;;,1
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xqsurgxfwlyh sodqwv ehfdxvh yduldeoh ghpdqg pdnhv lw ydoxdeoh iru �upv wr uhpdlq lq wkh

lqgxvwu|1 Wklug/ wkhuh pd| eh d fdvk frqvwudlqw h�hfw1 Li edqnuxsw �upv lq kljk jurzwk

lqgxvwulhv duh ohvv fdvk frqvwudlqhg wkdq wkrvh lq orz jurzwk lqgxvwulhv/ wkhq pdqdjhuv pd|

qrw vhoo ru forvh dvvhwv dw wkh rswlpdo wlph1

Zh fdofxodwh vhyhudo gl�huhqw phdvxuhv ri lqgxvwu| ghpdqg dqg vxsso| frqglwlrqv1 Rxu

fhqwudo yduldeohv duh wkh |hduo| dqg orqj0uxq fkdqjhv lq lqgxvwu| vklsphqwv/ lqgxvwu|0ohyho

uhvhdufk dqg ghyhorsphqw dqg fdsdflw| xwlol}dwlrq1 Iru lqgxvwu| vklsphqwv zh xvh wkh Edu0

whovpdq dqg Jud| +4<<7, gdwdedvh dw wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +QEHU, dw

wkh 6 gljlw VLF frgh ohyho1 Zh xvh lqgxvwu| vklsphqwv dqg lqyhvwphqw gdwd wr lqyhvwljdwh li

orqj uxq fkdqjhv lq dq lqgxvwu| d�hfw wkh qxpehu ri �upv hqwhulqj dqg ohdylqj edqnuxswf|

dqg wkh uhodwlyh shuirupdqfh ri wkhvh �upv1

Lqgxvwu| uhvhdufk dqg ghyhorsphqw lv fdofxodwhg iurp FRPSXVWDW �up0ohyho gdwd dqg

uhsuhvhqwv uhvhdufk dqg ghyhorsphqw dqg dgyhuwlvlqj zhljkwhg e| wkh �up*v shufhqwdjh ri

lqgxvwu| vdohv djjuhjdwhg xs wr wkh 6 gljlw VLF frgh ohyho1 Lqgxvwu| uhvhdufk dqg ghyhorsphqw

lv lqfoxghg wr fdswxuh krz lqgxvwulhv pd| gl�hu e| zkhwkhu wkh| pd| eh fuhdwlqj vshfldol}hg

ru xqltxh surgxfwv wkdw duh kdug wr ydoxh ehfdxvh ri gl�huhqfhv lq txdolw| dqg lqirupdwlrq1

Fdsdflw| xwlol}dwlrq lv rewdlqhg iurp wkh Wkh Dqqxdo Vxuyh| ri Fdsdflw| Xwlol}dwlrq/ d

sxeolfdwlrq ri Wkh Exuhdx ri wkh Fhqvxv1 Wkh fdsdflw| xwlol}dwlrq phdvxuh zh xvh iurp

wklv vxuyh| lv rxwsxw dv d shufhqwdjh ri qrupdo ixoo surgxfwlrq dw wkh 6 gljlw VLF frgh

ohyho1 Fdsdflw| xwlol}dwlrq lv lqfoxghg wr fdswxuh fkdqjhv lq wkh vxsso| uhodwlyh wr ghpdqg

frqglwlrqv dqg wr h{dplqh zkhwkhu h{fhvv fdsdflw| pd| h{lvw lq lqgxvwulhv wkdw frxog fdxvh

�upv wr rswlpdoo| forvh grzq sodqwv1

Rxu prgho vxjjhvwv wkdw wkh ohyho ri lqgxvwu| ghpdqg lv lpsruwdqw lq ghwhuplqlqj wkh

lqfhqwlyhv ri �upv wr wudqvihu dvvhwv dqg ri wkh jdlqv wr pdqdjhuv ri dfwlqj rssruwxqlvwl0

fdoo|1 Wr lqyhvwljdwh zkhwkhu wkhvh fkdqjhv lq lqfhqwlyhv dowhu wkh uhodwlrqvkls ehwzhhq wkh

h{sodqdwru| yduldeohv dqg dfwlrqv +forvxuhv/ dvvhw vdohv, zh glylgh rxu vdpsoh ri lqgxvwulhv

lqwr txduwlohv e| ohyho ri ghpdqg1 Zkhuh dssursuldwh/ zh uhsruw uhvxowv iru erwk wkh hqwluh

vdpsoh dqg wkh txduwlohv1

Lqgxvwulhv duh fodvvl�hg lqwr �ghpdqg� ru fkdqjh lq vklsphqw txduwlohv e| frqvwuxfwlqj

dq lqgh{ ri orqj0uxq fkdqjhv lq uhdo lqgxvwu| vklsphqwv ryhu d 43 |hdu shulrg1 Zh lqfoxgh

doo lqgxvwulhv lq frqvwuxfwlqj wkhvh txduwlohv 0 qrw mxvw wkrvh zklfk kdyh �upv hqwhulqj edqn0

uxswf|1 Zh phdvxuh wkh fkdqjh e| xvlqj wkh orj ri d wkuhh0|hdu dyhudjh ri wrwdo vklsphqwv

gxulqj wkh |hduv 4<;904<;; glylghg e| wkh wkuhh |hdu dyhudjh iurp 4<::04<:<1 Zh xvh wrwdo

ydoxh ri vklsphqwv 0 d surgxfwlrq edvhg qxpehu 0 iru X1V1 surgxfhuv1 Wkxv wklv phdvxuh zloo
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dovr fdswxuh frvw vkliwv iurp lqfuhdvhg iruhljq lpsruwv ru vkrfnv wr surgxfwlrq frvwv/ dv zhoo

dv ghpdqg fkdqjhv lq wkh lqgxvwu|1 Zh xvh d wkuhh0|hdu dyhudjh dv wkh hqgsrlqwv wr dyrlg

vkruw0whup fkdqjhv lq ghpdqg1 Zh fodvvli| doo wkh wkuhh gljlw VLF lqgxvwulhv lq rxu gdwdedvh

lqwr txduwlohv edvhg rq rxu lqgh{ ri orqj0uxq fkdqjhv lq lqgxvwu| vklsphqwv1 Wkuhh gljlw

VLF lqgxvwulhv duh xvhg wr suhyhqw vpdoohu irxu gljlw lqgxvwulhv iurp ehlqj ryhuuhsuhvhqwhg

lq dq| txduwloh1 Qh{w/ zh h{dplqh wkh surgxfwlylw| ri wkh edqnuxsw �upv* sodqwv lq wkhvh

txduwlohv1

Qrwh wkdw e| ghvljq zh zloo qrw kdyh d vlplodu qxpehu ri �upv lq hdfk txduwloh1 Li

fhuwdlq lqgxvwulhv kdyh pruh �upv dqg dovr pruh edqnuxswflhv/ wkh txduwloh frqwdlqlqj wkhvh

lqgxvwulhv zloo kdyh pruh �upv uhsuhvhqwhg1 Wklv hqdeohv xv wr h{dplqh zkhwkhu lqgxvwulhv

zlwk orz jurzwk kdyh d kljkhu iuhtxhqf| ri edqnuxswflhv dqg zkhwkhu surgxfwlylw| ri wkhvh

�upv lv erwk vljql�fdqwo| gl�huhqw iurp rwkhu �upv lq wkhlu txduwloh dqg iurp �upv lq rwkhu

txduwlohv1

Lq dgglwlrq wr vklsphqw jurzwk txduwlohv/ zh dovr fodvvli| lqgxvwulhv e| dqqxdo fkdqjhv

lq djjuhjdwh lqyhvwphqw1 Zh fodvvli| lqgxvwulhv lqwr txduwlohv e| h{dplqlqj lqyhvwphqw h{0

suhvvhg lq uhdo 4<;5 grooduv glylghg e| wrwdo lqgxvwu| dvvhwv/ djdlq lq uhdo 4<;5 grooduv1 Zh xvh

wkh Eduwhovpdq dqg Jud| gdwd iru lqyhvwphqw dqg dvvhwv dorqj zlwk wkhlu frqvwuxfwhg sulfh

gh dwruv1 Fodvvli|lqj lqgxvwulhv lq wklv idvklrq surylghv dq djjuhjdwh lqgxvwu|0ohyho phd0

vxuh ri lqyhvwphqw lq dq lqgxvwu|1 Wkhvh lqyhvwphqw fkdqjhv duh d sur{| iru wkh pdujlqdo

surgxfwlylw| ri fdslwdo lq dq lqgxvwu| dqg wkh h{shfwdwlrq ri ixwxuh uhwxuqv lq wkh lqgxvwu|1

Zh wkhq h{dplqh wkh uhodwlyh qxpehu dqg surgxfwlylw| ri sodqwv iru wkh edqnuxsw �upv lq

hdfk txduwloh1 Djdlq/ wkhuh lv qr uhdvrq wr h{shfw d vlplodu qxpehu ri �upv dfurvv txduwlohv1

Xvlqj wklv surfhgxuh zh h{dplqh zkhwkhu edqnuxsw �upv lq lqgxvwulhv zlwk kljk lqyhvwphqw

kdyh orzhu surgxfwlylw| wkdq lqgxvwu| qrq0edqnuxsw �upv dqg zkhwkhu lqyhvwphqw udwhv duh

orzhu wkdq lqgxvwu| qrq0edqnuxsw �upv1 Zh dovr h{dplqh zkhwkhu surgxfwlylw| ghfuhdvhv iru

�upv zkloh wkh| duh xqghu Fkdswhu 44 edqnuxswf| surwhfwlrq/ iru �upv lq hdfk lqyhvwphqw

txduwloh1 Wkh uhvxowv duh vlplodu xvlqj wklv fodvvl�fdwlrq dqg duh dydlodeoh iurp wkh dxwkruv1

71 Uhvxowv

714 Vxppdu| Vwdwlvwlfv

Wdeoh 4 suhvhqwv vxppdu| vwdwlvwlfv iru wkh �upv dqg sodqwv lq rxu vdpsoh1 Lqvshfwlrq ri

Wdeoh 4 uhyhdov wkdw lq rxu vdpsoh wkh sodqwv ri edqnuxsw �upv duh rq dyhudjh eljjhu wkdq

wkrvh ri qrq0edqnuxsw �upv +dyhudjh ydoxh ri sodqw0ohyho vklsphqwv ri '941<8p dqg '5<1:9p

uhvshfwlyho|, dqg vrphzkdw roghu +4418 dqg ;15 |hduv uhvshfwlyho|,1 Lq wkh zkroh vdpsoh/
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wkh dyhudjh vwdqgdugl}hg WIS ri sodqwv ri �upv wkdw �ohg iru edqnuxswf|/ fdofxodwhg wkh

|hdu sulru wr �olqj ri Fkdswhu 44/ lv 03137;1 Wkxv/ wkhvh sodqwv gr kdyh d orzhu surgxfwlylw|

wkdq wkhlu lqgxvwu| dyhudjhv1 Wkh gl�huhqfh dfurvv doo lqgxvwulhv dqg doo vklsphqw jurzwk

txduwlohv lv vwdwlvwlfdoo| vljql�fdqw dw wkh 43 shufhqw ohyho1

Wdeoh 4 dovr vkrzv wkh phgldq jurzwk lq uhdo lqgxvwu| vklsphqwv iru hdfk lqgxvwu| txduwloh

dqg wkh vxppdu| vwdwlvwlfv ri wkh iuhtxhqf| ri Fkdswhu 44 edqnuxswflhv dfurvv txduwlohv1

Wkhuh lv d odujh gl�huhqfh lq wkh uhdo jurzwk ri lqgxvwu| vklsphqwv ehwzhhq txduwloh rqh

dqg txduwloh irxu1 Lq txduwloh irxu vklsphqwv lqfuhdvh e| 56147 shufhqw ryhu wkh 43 |hdu

shulrg/ zkloh lq txduwloh rqh wkh| ghfuhdvh e| 661<6 shufhqw1 Wkhuh lv dovr d odujh gl�huhqfh

lq wkh iuhtxhqf| ri Fkdswhu 44 dfurvv txduwlohv1 Wkh sursruwlrq ri sodqwv lq Fkdswhu 44 idoov

prqrwrqlfdoo| iurp 6156( wr 31<;( dv zh pryh iurp orz jurzwk lqgxvwulhv wr kljk jurzwk

lqgxvwulhv/ vxjjhvwlqj wkdw wkh lqflghqfh ri edqnuxswf| ghshqgv rq lqgxvwu| ghpdqg1

Wdeoh 4 jrhv khuh

715 Lqgxvwu| Frqglwlrqv dqg Edqnuxswf|

Lq wklv vhfwlrq zh vkrz krz wkh h!flhqf| ri �upv* sodqwv dqg wkh qxpehuv ri sodqwv

hqwhulqj dqg hphujlqj iurp edqnuxswf| ydu| zlwk lqgxvwu| jurzwk1 Zh whvw wkh �uvw wzr

ri rxu suhglfwlrqv uhjduglqj wkh h{lvwhqfh ri edqnuxswf| frvwv iurp wkh wkhruhwlfdo prgho1

Iluvw/ lq Wdeoh 5/ zh whvw zkhwkhu wkh srsxodwlrq ri edqnuxsw �upv gl�huv dfurvv kljk dqg orz

jurzwk lqgxvwulhv1 Vhfrqg/ lq Wdeoh 6/ zh h{dplqh zkhwkhu wkhuh duh ghfolqhv lq surgxfwlylw|

gxulqj edqnuxswf| dqg zkhwkhu wkhvh ghfolqhv duh juhdwhu lq wkh kljk jurzwk lqgxvwulhv1

Wdeoh 5 surylghv hylghqfh rq wkh uhodwlyh surgxfwlylw| dqg fdvk  rzv ri Fkdswhu 44

sodqwv ehiruh/ gxulqj dqg diwhu hphujhqfh iurp edqnuxswf|1 Wklv wdeoh lqfoxghv sodqwv ri

�upv zklfk gr qrw hphujh iurp Fkdswhu 44 dv zhoo dv wkrvh sodqwv zklfk hyhqwxdoo| hphujh/

duh vrog r�/ forvhg ru wudqvihuuhg wr Fkdswhu :/ iru wkh |hduv lq zklfk wkh| duh lq Fkdswhu

441 Wkxv/ wkhvh lqlwldo gdwd gr qrw frqwuro iru fkdqjhv lq wkh frpsrvlwlrq ri �upv ryhu wlph

dv �upv pdnh sduwldo �up dvvhw vdoh dqg forvxuh ghflvlrqv1

Lqvhuw Wdeoh 5

Wdeoh 5 suhvhqwv lqgxvwu|0dgmxvwhg surgxfwlylw| vwdwlvwlfv e| |hdu 0 uhodwlyh wr wkh |hdu

wkh �up �ohg iru Fkdswhu 44/ zklfk zh fdoo |hdu }hur1 Lq wkh lqwhuhvw ri vsdfh/ zh suhvhqw

gdwd rqo| iru wkh wrwdo vdpsoh dqg txduwlohv rqh dqg irxu1 53 Wkh odvw froxpq ri wkh wdeoh

53Wkh odujhvw gl�huhqfhv lq dyhudjh sodqw surgxfwlylwlhv duh ehwzhhq txduwlohv rqh dqg irxu1 Wkh uhvxowv

iru txduwlohv wzr dqg wkuhh duh dydlodeoh iurp wkh dxwkruv1
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whvwv zkhwkhu wkhuh lv d vljql�fdqw gl�huhqfh ehwzhhq wkh surgxfwlylwlhv ri sodqwv lq txduwloh

rqh dqg txduwloh irxu1

Sdqho D uhsruwv dyhudjh wrwdo idfwru surgxfwlylw| ri sodqwv ri edqnuxsw �upv uhodwlyh wr

lqgxvwu| frxqwhusduwv iru wkh wzr |hduv sulru wr �olqj iru Fkdswhu 44 surwhfwlrq1 Sdqho E

suhvhqwv dyhudjh lqgxvwu|0dgmxvwhg surgxfwlylw| iru |hduv zkloh wkh �up lv xqghu Fkdswhu 44

surwhfwlrq dqg Sdqho F/ iru wkh |hduv diwhu hphujlqj iurp Fkdswhu 441 Wkhvh sdqhov dovr

uhsruw w0vwdwlvwlfv iru wklv dyhudjh dqg iru wkh xquhsruwhg fkdqjh lq surgxfwlylw| uhodwlyh

wr |hdu sulru wr Fkdswhu 441 Wkh xquhsruwhg fkdqjhv fdq eh fdofxodwhg e| vxewudfwlqj wkh

dyhudjh surgxfwlylw| lq wkh |hdu sulru wr Fkdswhu 44 iurp wkh surgxfwlylw| iru wkh |hdu lq

txhvwlrq1

Lqvshfwlrq ri Sdqho D uhyhdov wkdw rq dyhudjh/ dfurvv doo txduwlohv/ sodqwv kdyh vljql�0

fdqwo| orzhu surgxfwlylw| wkdq wkhlu lqgxvwu| frxqwhusduwv1 Krzhyhu/ wklv vljql�fdqw qhjdwlyh

surgxfwlylw| lv frqfhqwudwhg lq Txduwloh 71 Wkh dyhudjh surgxfwlylw| iru wkh rwkhu txduwlohv

lq wkh |hdu sulru wr Fkdswhu 44 lv qrw vljql�fdqwo| gl�huhqw iurp wkhlu lqgxvwu| frxqwhusduwv1

Txduwloh rqh grhv kdyh qhjdwlyh dyhudjh surgxfwlylw|/ krzhyhu/ wklv gl�huhqfh lv lqvljql�fdqw1

Lq Sdqho E/ zh whvw iru zkhwkhu wkh dyhudjh surgxfwlylw| lv vljql�fdqwo| gl�huhqw iurp

}hur dqg zkhwkhu wkhuh duh vljql�fdqw ghfolqhv lq surgxfwlylw| uhodwlyh wr |hdu 041 Iru wkh ixoo

vdpsoh wkh dyhudjh lqgxvwu|0dgmxvwhg surgxfwlylw| lq |hdu 3 lv qhjdwlyh dqg vljql�fdqw1 Doo

rwkhu lqgxvwu|0dgmxvwhg ohyhov duh lqvljql�fdqw1 Krzhyhu zh �qg yhu| gl�huhqw uhvxowv zkhq

zh vxeglylgh e| txduwlohv1 Lq txduwloh rqh wkh dyhudjh ohyhov duh srvlwlyh/ doehlw lqvljql�fdqw/

iru irxu ri wkh �yh |hduv fryhuhg zkloh wkh �up lv xqghu Fkdswhu 44 edqnuxswf| surwhfwlrq1

Lq txduwloh irxu/ wkh dyhudjh lqgxvwu|0dgmxvwhg surgxfwlylw| lv qhjdwlyh/ dqg vljql�fdqw/ lq

irxu ri wkh �yh |hduv1

Lq wkh odvw froxpq/ zh whvw iru htxdolw| ri phdqv dfurvv txduwlohv dqg �qg vljql�fdqw

gl�huhqfhv ehwzhhq txduwlohv irxu dqg rqh1 Lq 6 rxw ri 8 |hduv gxulqj Fkdswhu 44/ wkh

dyhudjh lqgxvwu|0dgmxvwhg surgxfwlylw|/ uhsruwhg lq wdeoh 5 lq txduwloh irxu duh vljql�fdqwo|

gl�huhqw iurp txduwloh rqh1 Wklv lqlwldo hylghqfh lqglfdwhv wkdw iru �upv lq lqgxvwulhv zlwk

orz ru qhjdwlyh ghpdqg jurzwk/ Fkdswhu 44 grhv qrw vhhp wr eh dvvrfldwhg zlwk uhodwlyho|

lqh!flhqw rshudwlrqv1 Vhfrqgo|/ wkhvh �qglqjv vkrz wkdw gl�huhqfhv ehwzhhq lqgxvwulhv duh

lpsruwdqw lq ghwhuplqlqj wkh uhodwlyh surgxfwlylw| dqg fdvk  rz zkloh lq Fkdswhu 441

Zh qh{w whvw zkhwkhu wkh dyhudjh surgxfwlylw| ri sodqwv ri �upv lq Fkdswhu 44 fkdqjhv

gxulqj edqnuxswf| uhodwlyh wr wkh |hdu sulru wr edqnuxswf|1 Wkh wdeoh rqo| suhvhqwv wkh

w0vwdwlvwlf iru wklv fkdqjh lq surgxfwlylw|/ vlqfh wkh dfwxdo fkdqjh fdq eh frpsxwhg xvlqj

wkh ohyho dw wlph 04 dqg wkh uhsruwhg ohyho iurp wkdw |hdu1 Iru wkh ixoo vdpsoh dqg txduwlohv
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rqh dqg irxu wkhuh lv qr hylghqfh ri vljql�fdqw fkdqjhv lq lqgxvwu|0dgmxvwhg surgxfwlylw|1

Wkxv/ zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw wkh sodqwv ri edqnuxsw �upv gr qrw ghfolqh lq

surgxfwlylw| lq Fkdswhu 44/ hlwkhu iru wkh zkroh vdpsoh ru iru wkh txduwlohv vhsdudwho|1

Krzhyhu/ wklv wdeoh rqo| jlyhv xv wkh fkdqjh lq wkh dyhudjh surgxfwlylw| iru dvvhwv wkdw

hi4@�? dvvrfldwhg zlwk edqnuxsw �upv dqg grhv qrw frqwuro iru fkdqjlqj dvvhw frpsrvlwlrq

ehfdxvh ri dvvhw vdohv dqg forvxuhv1 Zh uhylvlw wkh txhvwlrq ri zkhwkhu sodqw surgxfwlylw|

ghfolqhv gxulqj Fkdswhu 44 lq Wdeoh 6/ zkhuh zh frqwuro iru fkdqjlqj dvvhw frpsrvlwlrq11

Sdqho F vkrzv wkh surgxfwlylw| ri wkh sodqwv ri �upv zklfk hphujhg iurp Fkdswhu 441

Dyhudjh surgxfwlylw| lv rq hphujhqfh lv qhjdwlyh dqg vljql�fdqw dw wkh 43 shufhqw ohyho iru

wkh zkroh vdpsoh dqg iru wkh orz jurzwk txduwloh1 Rqo| lq wkh |hdu ri hphujhqfh gr zh �qg

wkdw lqgxvwu|0dgmxvwhg dyhudjh surgxfwlylw| lv vljql�fdqwo| gl�huhqw iurp }hur1 Lq qr |hduv

gr zh �qg wkdw wkh fkdqjh lq lqgxvwu| surgxfwlylw| uhodwlyh wr wkh |hdu sulru wr Fkdswhu 44 lv

vljql�fdqwo| gl�huhqw iurp }hur1 Krzhyhu qxpehu ri sodqwv wkh �up rshudwhv rq hphujhqfh

kdv ghfolqhg vkduso| wr 6:5 sodqwv rxw ri 43:8 sodqwv1 Sodqw frxqwv duh orz ehfdxvh ri dvvhw

vdohv dqg forvxuhv lq dgglwlrq wr wkh �up idlolqj wr hphujh iurp Fkdswhu 441 Zh gluhfwo|

h{dplqh dvvhw vdoh ghflvlrqv lq Wdeohv 709 dqg forvxuh ghflvlrqv lq Wdeohv :0<1

Zh dovr h{dplqhg fdvk rzv ri sodqwv ri Fkdswhu 44 �upv1 Wkh ryhudoo �qglqjv duh

frqvlvwhqw zlwk Wdeoh 5/ wkxv lq wkh lqwhuhvw ri vsdfh/ zh gr qrw suhvhqw wkhvh �qglqjv1 Zh

glg �qg vrph lqwhuhvwlqj sdwwhuqv zkhq orrnlqj dw dyhudjh fdvk  rz xqdgmxvwhg iru lqgxvwu|

dyhudjhv lq wkh |hdu sulru wr edqnuxswf|1 Dyhudjh fdvk  rzv ri sodqwv +1545 lq |hdu w04,/

wkdw kdg qhjdwlyh lqgxvwu|0dgmxvwhg surgxfwlylw| lq txduwloh irxu lq |hdu w04 lq Wdeoh 5/ duh

vljql�fdqwo| kljkhu +w0vwdwlvwlf @ 51:8, wkdq fdvk  rzv ri sodqwv ri �upv lq txduwloh rqh +1477

lq |hdu w04, zkrvh surgxfwlylw| lv qrw orzhu wkdq wkdw ri wkhlu lqgxvwu|1 Wklv �qglqj whoov

xv wkdw lqgxvwu| h�hfwv duh yhu| lpsruwdqw1 Sodqwv wkdw duh uhodwlyho| yhu| xqsurgxfwlyh lq

jurzlqj lqgxvwulhv kdyh kljkhu fdvk  rzv wkdq sodqwv ri �upv wkdw qrw ohvv surgxfwlyh wkdq

wkhlu lqgxvwu| dyhudjh lq ghfolqlqj lqgxvwulhv1

Wdeoh 6 gluhfwo| frqwurov iru wkh fkdqjlqj dvvhw frpsrvlwlrq ri �upv* dvvhwv zkloh wkh|

uhpdlq xqghu Fkdswhu 44 edqnuxswf| surwhfwlrq1 Wkh surgxfwlylw| lq wkh |hdu sulru wr

Fkdswhu 44 dqg wkh fkdqjh lq surgxfwlylw| uhodwlyh wr wkdw |hdu duh suhvhqwhg1 Hdfk urz ri

Wdeoh 6 iroorzv wkh vdph vhw ri sodqwv ryhu wlph/ edvhg rq wkh qxpehu ri |hduv wkh sodqwv

duh lq Fkdswhu 441 Wkxv/ iru h{dpsoh/ lq wkh wzr0|hdu urz/ li sodqwv duh vrog ru forvhg sulru

wr wkh hqg uhodwlyh |hdu 5/ ru uhwdlqhg iru pruh 6 |hduv/ zh h{foxgh wkrvh sodqwv lq wklv urz1

Lqvhuw Wdeoh 6 khuh
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Lqvshfwlrq ri Wdeoh 6 uhyhdov vljql�fdqw gl�huhqfhv ehwzhhq txduwlohv rqh dqg irxu1 Lq

lqgxvwulhv zlwk wkh orzhvw rxwsxw jurzwk/ wkhuh lv qr vljql�fdqw ghfolqh lq lqgxvwu|0dgmxvwhg

surgxfwlylw| lq Fkdswhu 441 Wkxv/ wkhuh lv qr hylghqfh ri dq| frvwv ri edqnuxswf| lq wkh

irup ri ghfolqhv lq surgxfwlylw|/ lq wkh orz jurzwk txduwlohv1 Wkhuh lv hylghqfh wkdw sodqwv

lq txduwloh rqh wkdw h{lw zlwklq d |hdu duh rq dyhudjh ohvv surgxfwlyh wkdq wkhlu lqgxvwu|

frxqwhusduwv lq |hdu w04 0 exw wkh| gr qrw vx�hu vljql�fdqw ghfolqhv zkloh lq Fkdswhu 441

Lq txduwloh irxu wkh surgxfwlylw| ri edqnuxsw �upv* sodqwv vkrzv d gl�huhqw sdwwhuq1 Diwhu

frqwuroolqj iru frpsrvlwlrq fkdqjhv/ wkh surgxfwlylw| ri �upv* sodqwv wkdw uhpdlq lq Fkdswhu

44 iru irxu ru pruh |hduv vljql�fdqwo| ghfolqhv iru |hduv 04 wr .5/ 04 wr .6 dqg 04 wr .71

Wkhvh ghfolqhv duh dovr vljql�fdqwo| gl�huhqw iurp wkh surgxfwlylw| fkdqjhv lq txduwloh rqh1

Wkh uhvxowv lq wdeohv 5 dqg 6 gr qrw doorz dq| frqfoxvlrqv derxw zkhwkhu ru qrw edqnuxsw

�upv lq wkh kljkhvw txduwloh vkrxog eh pdnlqj gl�huhqw hfrqrplf ghflvlrqv1 Krzhyhu/ zh

fdq frqfoxgh wkdw lq kljk rxwsxw jurzwk lqgxvwulhv/ edqnuxsw �upv* sodqw0ohyho surgxfwlylw|

vljql�fdqwo| ghfolqhv zkhq wkh| uhpdlq lq Fkdswhu 44 irxu ru pruh |hduv1 Wkh hylghqfh lv

frqvlvwhqw zlwk d gl�huhqw srsxodwlrq ri edqnuxsw �upv edvhg rq lqgxvwu| jurzwk dqg d

srwhqwldo frvw ri Fkdswhu 44 edqnuxswf| 0 wkh idloxuh wr wudqvihu ru forvh orz0surgxfwlylw|

dvvhwv1 Lq wkh qh{w vhfwlrq zh h{dplqh zkhwkhu wkh rxwfrphv +dvvhw vdohv dqg forvxuhv, ydu|

ghshqglqj rq lqgxvwu| frqglwlrqv1

716 Fkdswhu 44 Rxwfrphv= Dvvhw Vdohv dqg Sodqw Forvxuhv

Lq wklv vhfwlrq zh h{dplqh dvvhw vdoh dqg forvxuh ghflvlrqv ri Fkdswhu 44 dqg lqgxvwu|

�upv1 Zh suhvhqw dyhudjh surgxfwlylwlhv iru sodqwv vrog/ forvhg dqg uhwdlqhg/ dqg hvwlpdwh

orjlvwlf uhjuhvvlrqv wr hydoxdwh wkh h�hfwv ri lqgxvwu|0/ �up0 dqg sodqw0ohyho yduldeohv rq wkh

suredelolw| ri dvvhw vdohv dqg forvxuhv1 Wkh orjlvwlf uhjuhvvlrqv hqdeoh xv wr whvw zkhwkhu/

frqglwlrqdo rq wkhvh yduldeohv/ edqnuxsw �upv* dvvhw vdoh dqg forvxuh ghflvlrqv duh vlplodu wr

wkrvh ri lqgxvwu| �upv dqg vhqvlwlyh wr wkh vdph vhw ri yduldeohv1

71614 Dvvhw Vdohv

Wklv vhfwlrq h{dplqhv dvvhw vdohv iru edqnuxsw �upv iru ehiruh/ gxulqj dqg diwhu Fkdswhu

441 Wkh sodqw0ohyho irfxv ri wkh gdwdedvh doorzv xv wr h{dplqh wkh surgxfwlylw| ri wkh

lqglylgxdo sodqwv xqghu qhz rzqhuvkls1 Zh dovr whvw iru zkhwkhu wkh surgxfwlylw| ri wkh

�upv* uhpdlqlqj dvvhwv lv rq dyhudjh orzhu ehfdxvh wkh �up kdv vrog r� lwv pruh surgxfwlyh

dvvhwv1 Rxu wkhruhwlfdo prgho pdnhv wkuhh suhglfwlrqv derxw dvvhw vdohv1 Iluvw/ uhodwlyho|

pruh dvvhw vdohv zloo rffxu lq kljk jurzwk lqgxvwulhv1 Vhfrqg/ li wkhuh duh lqfuhdvhg frq lfwv

ri lqwhuhvw lq edqnuxswf|/ wkh iuhtxhqf| ri dvvhw vdohv zloo eh uhgxfhg lq wkhvh lqgxvwulhv1
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Wklug/ iru wkrvh dvvhw vdohv e| edqnuxsw �upv zklfk gr rffxu/ wkh lqfuhdvh lq wkh surgxfwlylw|

ri dvvhwv vrog zloo eh juhdwhu xqghu qhz rzqhuvkls lq kljk0jurzwk lqgxvwulhv1

Wdeoh 7D suhvhqwv wkh uhvxowv ri d vlpsoh uhjuhvvlrq iru edqnuxsw dqg qrq0edqnuxsw

sodqwv1 Zh uhjuhvvhv wkh fkdqjh lq wkh surgxfwlylw| ri wkh vrog sodqw rq sodqw0/ �up0 dqg

lqgxvwu|0ohyho yduldeohv1 Wkuhh lqglfdwruv iru wkh edqnuxsw vwdwxv ri wkh �up duh lqfoxghg1

Wkh yduldeohv EHIRUH/ GXULQJ/ DIWHU htxdo rqh iru wkh |hduv sulru wr/ gxulqj/ dqg diwhu

hphujlqj iurp Fkdswhu 44/ uhvshfwlyho|1 Zh lqwhudfw wkh gxulqj0edqnuxswf| lqglfdwru ydul0

deoh zlwk odjjhg sodqw fdvk  rz dqg wkh lqgxvwu|0ohyho yduldeohv1 Wkhvh gxulqj0edqnuxswf|

lqwhudfwlrqv duh lqglfdwhg zlwk d Gb suh�{1

Wdeoh 7D
Surgxfwlylw| ri Dvvhw Vdohv

Ilup0ohyho yduldeohv lqfoxgh orj ri �up vklsphqwv/ IVKLS/ dqg wkh qxpehu ri sodqwv iru wkh
�up/ ISODQWV1 Lqgxvwu|0ohyho yduldeohv lqfoxgh wkh fkdqjh lq lqgxvwu| vklsphqwv/ LVKLS/ wkh
vwdqgdug ghyldwlrq ri lqgxvwu| vklsphqwv/ GVG/ lqgxvwu|0ohyho uhvhdufk dqg ghyhorsphqw/ UG/ dqg
lqgxvwu|0ohyho fdsdflw| xwlol}dwlrq/ FDSXWLO1 Odjjhg sodqw0ohyho yduldeohv lqfoxgh uhodwlyh vfdoh/
sodqw vl}h glylghg e| dyhudjh lqgxvwu| sodqw vl}h/ VFDOH/ sodqw djh/ DJH/ dqg fdvk  rzv glylghg
e| vdohv/ FDVKI1 Zh lqfoxgh wkuhh lqglfdwruv iru wkh edqnuxsw vwdwxv ri wkh �up= EHIRUH/
GXULQJ/ DIWHU htxdo rqh iru wkh |hduv sulru wr/ gxulqj/ dqg diwhu hphujlqj iurp Fkdswhu 44/
uhvshfwlyho|1 Zh lqwhudfw wkh gxulqj edqnuxswf| lqglfdwru yduldeoh zlwk odjjhg sodqw fdvk  rz dqg
wkh lqgxvwu|0ohyho yduldeohv1 Wkh gxulqj edqnuxswf| lqwhudfwlrqv duh lqglfdwhg xvlqj d G suh�{1 Zh
dovr lqfoxgh xquhsruwhg |hdu gxpp| yduldeohv1 +s0ydoxhv duh lq sduhqwkhvhv1 ? ' D�fbc U2@1385,

{WISw ' ���.
E�ebf�

n �H.2WWW
E�fff��

{LVKLSw3 �ff�
E�eb2�

DJHw04n �ffb
E���2�

IVKLSwn �fff
E�bSH�

ISODQWVw04

n �ff�
E�SeS�

VFDOHw043 �.D.
E�fS.W�

GVGwn �Dbe
E�2fe�

UGwn �ff�
E�S.2�

FDSXWLOw3 �.S2WWW
E�ff��

FDVKIw04

n �fe.
E�e2H�

EHIRUH3 �S..
E�e2S�

GXULQJ3 �ff�
E�bbe�

DIWHU3 2��.
E�22D�

GbLVKLSwn S�DS
E���e�

GbUGw

n �ff2
E�HD2�

GbFDSwn ��S2WWW
E�ffS�

GbFDVKIw04

---/--/- @ vljql�fdqw dw wkh 4/ 8/ 430shufhqw ohyho/ uhvshfwlyho|/ xvlqj d wzr0wdlohg w0whvw1

Wkh uhvxowv lq wklv wdeoh vxssruw wkh prgho*v suhglfwlrq wkdw wkh juhdwhvw lqfuhdvh lq

surgxfwlylw| iroorzlqj dvvhw wudqvihuv rffxuv zkhq lqgxvwu| vklsphqwv duh kljk1 Wkxv/ wkh

hfrqrplf frvw ri lpshuihfwlrqv wkdw lpshgh wlpho| dvvhw wudqvihuv lv olnho| wr eh juhdwhvw lq

kljk jurzwk lqgxvwulhv1 Odjjhg sodqw0ohyho fdvk  rz lv qhjdwlyho| dvvrfldwhg zlwk wkh jdlq lq

surgxfwlylw|1 Sodqwv zlwk orz fdvk  rz gr h{shulhqfh surgxfwlylw| jdlqv xsrq vdoh1 Rwkhu

sodqw0 dqg lqgxvwu|0ohyho yduldeohv duh qrw vljql�fdqwo| uhodwhg wr lqfuhdvhv lq surgxfwlylw|1
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Lq sduwlfxodu/ wkhuh lv qr hylghqfh wkdw/ frqglwlrqdo rq d vdoh rffxuulqj/ dvvhw vshfl�flw|/ dv

phdvxuhg e| lqgxvwu| uhvhdufk dqg ghyhorsphqw/ d�hfwv wkh jdlqv xqghu qhz rzqhuvkls1

Zh �qg rqo| olplwhg hylghqfh wkdw edqnuxswf| vwdwxv d�hfwv wkh surgxfwlylw| jdlq ri

vrog sodqwv1 Zh gr �qg wkdw wkh gxulqj Fkdswhu 44 gxpp| yduldeoh lqwhudfwhg zlwk sodqw0

ohyho fdvk  rzv kdv d srvlwlyh h�hfw rq wkh fkdqjh lq surgxfwlylw| ri sodqwv vrog1 Wklv

�qglqj vxjjhvwv wkdw dvvhw vdohv ri edqnuxsw �upv zlwk uhodwlyho| kljkhu fdvk  rzv wkdq

wkhlu lqgxvwu| frxqwhusduwv duh pruh olnho| wr lqfuhdvh lq surgxfwlylw|1 Wkhuh lv qr hylghqfh

ri d ghod| lq dvvhw vdohv e| edqnuxsw �upv 0 d vshfl�f w|sh ri edqnuxswf| frvw wkdw zdv rqh

ri wkh suhglfwlrqv iurp rxu prgho1

Wdeoh 7E vkrzv wkh surgxfwlylw| ri vrog dqg uhwdlqhg sodqwv iru edqnuxsw dqg lqgxvwu|

�upv* sodqwv e| txduwloh1 Wkh uhvxowv duh suhvhqwhg lq irxu sdqhov1 Sdqhov D/ E/ dqg F

h{dplqh wkh dvvhwv vrog r� e| Fkdswhu 44 �upv dqg wkhlu lqgxvwu| frxqwhusduwv/ ehiruh/

gxulqj dqg diwhu Fkdswhu 44 uhvshfwlyho|1 Zh jhw d pdwfklqj vhw ri lqgxvwu| dvvhw vdohv iru

hdfk ri wkhvh shulrgv e| jhwwlqj doo dvvhwv vdohv iru wkh 7 gljlw VLF frgh ri wkh edqnuxsw �up1

Zh dvvljq wkhvh lqgxvwu| dvvhw vdohv wr wkh ehiruh/ gxulqj/ dqg diwhu Fkdswhu 44 shulrgv edvhg

rq wkh vwdwxv ri wkh edqnuxsw �up lq wkdw lqgxvwu|1 Odvwo|/ sdqho G h{dplqhv wkh surgxfwlylw|

ri wkh sodqwv ri lqgxvwu| sxufkdvhuv/ qrw lqfoxglqj wkh sodqwv wkdw wkh| sxufkdvh1

Lqvhuw Wdeoh 7E khuh

Lqvshfwlrq ri Wdeoh 7E uhyhdov vhyhudo �qglqjv1 Iluvw/ pruh dvvhw vdohv rffxu e| Fkdswhu

44 �upv lq kljk jurzwk lqgxvwulhv1 Sdqho D vkrzv wkdw sulru wr Fkdswhu 44/ frqglwlrqdo rq

vhoolqj d sodqw/ edqnuxsw �upv vhoo 8517( ri wkhlu sodqwv lq wkh kljk jurzwk txduwlohv yhuvxv

7416( lq orz jurzwk txduwlohv1 Sdqho E vkrzv wkdw gxulqj Fkdswhu 44/ edqnuxsw �upv vhoo

8;1:8( ri wkhlu sodqwv yhuvxv 7716:( lq wkh erwwrp wzr txduwlohv1 Erwk wkhvh sursruwlrqv

duh kljkhu wkdq wkhlu lqgxvwu| frxqwhusduwv1

Vhfrqg/ Sdqho E vkrzv wkdw wkh surgxfwlylw| ri sodqwv vrog rqo| lpsuryhv lq wkh wzr

kljk jurzwk lqgxvwu| txduwlohv1 Lq Fkdswhu 44/ wkh surgxfwlylw| ri wkh 7: sodqwv vrog lq

txduwlohv 6 dqg 7 vljql�fdqwo| lqfuhdvhv xqghu wkh qhz rzqhuv1 Lq Sdqho D dqg E/ zh dovr

h{dplqh wkh sodqwv uhwdlqhg e| wkh �upv dqg qrw vxevhtxhqwo| vrog r�/ �qglqj wkdw wkh

sodqwv uhwdlqhg lq kljk jurzwk lqgxvwulhv duh ri orzhu surgxfwlylw| wkdq wkh rqhv vrog r� 0

zkloh iru lqgxvwu| �upv/ sodqwv uhwdlqhg duh ri vljql�fdqwo| kljkhu surgxfwlylw| wkdq wkrvh

vrog154 Wkh odvw �qglqj ri wklv wdeoh/ lq Sdqho G/ lv wkdw sxufkdvlqj �upv* h{lvwlqj sodqwv

54Wkh surgxfwlylw| ri sodqwv vrog r� diwhu Fkdswhu 44 duh qrw suhvhqwhg dv wkhuh zhuh ihz sduwldo �up
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duh pruh surgxfwlyh wkdq wkh lqgxvwu| dyhudjh 0 erwk ehiruh dqg diwhu wkh sxufkdvh1 Wklv

�qglqj grhv qrw gl�hu pxfk e| txduwlohv1

Wkhvh uhvxowv vkrz wkh lpsruwdqfh ri fkdqjhv wr lqgxvwu| rxwsxw wr wkh dvvhw vdoh surfhvv

iru doo �upv1 Pruh dvvhw vdohv rffxu lq kljk rxwsxw jurzwk lqgxvwulhv1 Vhfrqg/ edqnuxsw �upv

vhoo wkhlu uhodwlyho| pruh surgxfwlyh sodqwv lq kljk jurzwk lqgxvwulhv dqg wkhvh sodqwv lpsuryh

lq surgxfwlylw| xqghu wkhlu qhz rzqhuv1 Wkh hylghqfh lv frqvlvwhqw zlwk wkh suhglfwlrq ri

wkh prgho wkdw wkhuh lv kljkhu ydoxh ri dvvhw uhdoorfdwlrqv lq kljk jurzwk lqgxvwulhv1 Wkh

�qglqj ri lqfuhdvhg surgxfwlylw| xqghu qhz rzqhuv lv frqvlvwhqw zlwk d frvw ri edqnuxswf| 0

li wkhvh wudqvdfwlrqv/ rffxuulqj hduolhu/ zrxog kdyh surgxfhg jdlqv1 Zh lqyhvwljdwh wkh dvvhw

vdoh surfhvv ixuwkhu e| h{dplqlqj zkhwkhu wkh suredelolw| ri vhoolqj d sodqw/ frqglwlrqdo rq

lqgxvwu| dqg surgxfwlylw| yduldeohv/ lv gl�huhqw iru edqnuxsw dqg qrq0edqnuxsw �upv1

Wdeoh 8 suhvhqwv orjlvwlf uhvxowv h{dplqlqj wkh suredelolw| ri vhoolqj sodqwv1 Wkh uhjuhv0

vlrqv lqfoxgh lqgxvwu|0ohyho yduldeohv/ dorqj zlwk sodqw0 dqg �up0ohyho yduldeohv dqg lqwhudfw

vhyhudo ri wkhvh yduldeohv zlwk lqglfdwruv ri edqnuxswf| vwdwxv1 Zh uxq uhjuhvvlrqv iru wkh ixoo

vdpsoh dqg iru txduwlohv rqh dqg irxu ri rxu orqj0uxq/ 430|hdu fkdqjh lq lqgxvwu| vklsphqwv1

Wkh odvw froxpq dovr suhvhqwv d whvw ri zkhwkhu frh!flhqwv duh vljql�fdqwo| gl�huhqw ehwzhhq

txduwlohv rqh dqg irxu1 Zh whvw iru gl�huhqfhv e| uxqqlqj d uhjuhvvlrq iru doo txduwloh rqh dqg

irxu �upv zlwk d txduwloh irxu gxpp| yduldeoh lqwhudfwhg zlwk wkh lqghshqghqw yduldeohv1

Zh suhvhqw wkh s0ydoxh iru wkhvh lqwhudfwlrq yduldeohv lq wkh odvw froxpq1

Lqvhuw Wdeoh 8 khuh

Wdeoh 8 vkrzv wkdw wkhuh duh rqo| olplwhg gl�huhqfhv ehwzhhq Fkdswhu 44 dqg lqgxvwu|

�upv1 Iru doo �upv/ edqnuxsw dqg qrq0edqnuxsw/ wkh lqgxvwu| yduldeohv � fkdqjh lq lqgxv0

wu| vklsphqwv/ fdsdflw| xwlol}dwlrq/ lqgxvwu| U)G dqg wkh vwdqgdug ghyldwlrq ri lqgxvwu|

vklsphqwv duh kljko| vljql�fdqw dw wkh ohvv wkdq wkh rqh shufhqw ohyho1 Wkhvh uhvxowv/ lq

frqmxqfwlrq zlwk Wdeoh 7D/ vkrz wkdw jurzwk lq lqgxvwu| rxwsxw srvlwlyho| d�hfwv erwk wkh

iuhtxhqf| ri dvvhw vdohv dqg wkh surgxfwlylw| jdlq iurp dvvhw vdohv/ uhvxowv frqvlvwhqw zlwk

rxu prgho1 Wklv vxjjhvwv wkdw wkh orzhu iuhtxhqf| ri dvvhwv vdohv e| edqnuxsw �upv lq orz

jurzwk lqgxvwulhv lv qrw fdxvhg e| lpshuihfwlrqv wkdw fdxvh frqvwudlqhg �upv wr vhoo dvvhwv1

Wkh vljql�fdqfh ri wkh frh!flhqwv rq rxu fdvk  rz yduldeoh vxssruwv wklv frqmhfwxuh1 Sodqw0

ohyho fdvk  rzv duh kljko| vljql�fdqw dqg srvlwlyho| uhodwhg wr wkh suredelolw| ri vhoolqj d

sodqw1

dvvhw vdohv lq txduwlohv 6 dqg 7 0 suhyhqwlqj wkhvh qxpehuv iurp ehlqj glvforvhg xqghu jryhuqphqw glvforvxuh

uhvwulfwlrqv1
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Wkh uhvxowv lq Wdeoh 8 dovr vkrz wkdw dvvhw vdohv duh pruh iuhtxhqw lq lqgxvwulhv zlwk kljk

uhvhdufk dqg ghyhorsphqw1 Wklv vxjjhvwv wkdw lqfuhdvhg dv|pphwu| ri lqirupdwlrq lq wkhvh

lqgxvwulhv grhv qrw lpshgh wkh h!flhqw wudqvihu ri dvvhwv1 Wklv lv frqvlvwhqw zlwk wkh �qglqj

lq Wdeoh 7D wkdw wkh ohyho ri uhvhdufk dqg ghyhorsphqw lq wkh lqgxvwu| grhv qrw suhglfw wkh

fkdqjh lq surgxfwlylw| ri vrog sodqwv1

Wkhuh duh vrph olplwhg gl�huhqfhv ehwzhhq wkh Fkdswhu 44 edqnuxsw dqg lqgxvwu| �upv1

Wkh frh!flhqw rq wkh gxpp| yduldeoh iru wkh |hduv ehiruh Fkdswhu 44 lv srvlwlyh dqg kljko|

vljql�fdqw1 Fkdswhu 44 �upv duh vhoolqj pruh dvvhwv ehiruh wkh| hqwhu Fkdswhu 441 Krzhyhu/

wkh gxpp| yduldeohv iru wkh gxulqj dqg diwhu Fkdswhu 44 shulrgv duh lqvljql�fdqw1 Wklv

�qglqj vkrzv wkdw zkloh lq dqg diwhu hphujlqj iurp Fkdswhu 44/ edqnuxsw �upv pdnh dvvhw

vdoh ghflvlrqv wkdw duh/ rq dyhudjh/ vlplodu wr wkhlu lqgxvwulhv1

Zh dovr lqyhvwljdwh zkhwkhu dvvhw vdohv ri edqnuxsw �upv duh pruh vhqvlwlyh wr lqgxvwu|

dqg surgxfwlylw| yduldeohv1 Zh lqwhudfw wkh ehiruh Fkdswhu 44 dqg wkh gxulqj0edqnuxswf|

gxpp| yduldeohv zlwk wrwdo idfwru surgxfwlylw|/ lqgxvwu| uhvhdufk dqg ghyhorsphqw/ fkdqjh

lq vklsphqwv dqg fdsdflw| xwlol}dwlrq1 Wkhuh zhuh qr vljql�fdqw lqwhudfwlrqv ehwzhhq wkh

ehiruh edqnuxsw0�up gxpp| dqg rxu lqghshqghqw yduldeohv1 Iru wkh ixoo vdpsoh ri edqnuxsw

�upv wkhuh zhuh dovr qr vljql�fdqw lqwhudfwlrqv ehwzhhq wkh gxulqj0edqnuxsw �up gxpp|

dqg wkh lqghshqghqw yduldeohv1

Zh gr �qg gl�huhqfhv lq wkh gxulqj0edqnuxswf| lqwhudfwlrq yduldeohv zkhq zh vsolw rxu

vdpsoh e| txduwlohv1 Lq txduwloh rqh/ sodqwv ri Fkdswhu 44 �upv lq lqgxvwulhv zlwk kljk

uhvhdufk dqg ghyhorsphqw duh pruh olnho| wr eh vrog/ zkloh lq txduwloh irxu wkh| duh ohvv

olnho| wr eh vrog1 Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh srsxodwlrq ri �upv lq txduwlohv rqh

dqg irxu ehlqj gl�huhqw1 Iru doo �upv lq txduwloh irxu/ kljk uhvhdufk dqg ghyhorsphqw lq wkh

lqgxvwu| lv dvvrfldwhg zlwk lqfuhdvhg dvvhw vdohv1 E| frqwudvw/ iru edqnuxsw �upv wkh udwh lv

orzhu1 Wklv vxjjhvwv wkdw idlohg uhvhdufk dqg ghyhorsphqw dqg qrw dv|pphwulf lqirupdwlrq

lv uhvsrqvleoh iru orzhu udwhv ri dvvhw vdohv e| edqnuxsw �upv lq wklv txduwloh1

Rwkhu vljql�fdqw lqwhudfwlrqv dovr h{lvw lq txduwloh irxu1 Lq txduwloh irxu/ sodqwv wkdw

duh pruh surgxfwlyh dqg duh lq lqgxvwulhv h{shulhqflqj juhdwhu jurzwk duh pruh olnho| wr eh

vrog1 Wklv lv frqvlvwhqw zlwk rxu �qglqjv lq Wdeoh 7E155 Zh dovr �qg d vljql�fdqw qhjdwlyh

lqwhudfwlrq ehwzhhq �up0ohyho fdvk  rz dqg gxulqj edqnuxswf| gxpp| yduldeoh1 Wkhvh

�qglqjv duh dovr frqvlvwhqw zlwk wkh edqnuxsw �up lq wkh kljk jurzwk txduwloh vhoolqj r� lwv

pruh h!flhqw sodqwv wr udlvh fdvk1

55Uhfdoo wkdw lqgxvwulhv duh fodvvl�hg lqwr txduwlohv e| jurzwk ryhu wkh zkroh vdpsoh shulrg/ zkhuhdv wkh

fkdqjh lq lqgxvwu| vklsphqwv lv fdofxodwhg dqqxdoo|1
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Wkh odvw froxpq ri wklv wdeoh uhsruwv s0ydoxhv iru whvwv ri wkh htxdolw| ri frh!flhqwv

ehwzhhq txduwlohv irxu dqg rqh1 Wkh �up dqg sodqw vshfl�f surgxfwlylw| yduldeohv kdyh d

vlplodu h�hfw lq kljk dqg orz jurzwk txduwlohv iru erwk edqnuxsw dqg qrqedqnuxsw �upv1

Wkh rqo| wzr �up vshfl�f yduldeoh wkdw kdyh d gl�huhqwldo h�hfw e| txduwlohv duh wkh qxpehu

ri sodqwv d �up rshudwhv dqg sodqw djh1 Lw lv pdlqo| wkh lqgxvwu| yduldeohv/ lqfoxglqj wkh

lqgxvwu| yduldeohv lqwhudfwhg zlwk wkh lq Fkdswhu 44 gxpp| yduldeoh/ wkdw kdyh vljql�fdqwo|

gl�huhqw h�hfwv lq wkh kljk dqg orz jurzwk txduwlohv1

Lqvhuw Wdeoh 9 khuh

Lq Wdeoh 9 wkh hfrqrplf vljql�fdqfh ri rxu uhvxowv lv suhvhqwhg e| fdofxodwlqj wkh hvwl0

pdwhg suredelolwlhv ri dvvhwv vdohv e| edqnuxsw dqg qrq0edqnuxsw �upv1 Wkh suredelolwlhv

duh frpsxwhg dw wkh phdqv ri doo yduldeohv iru wkh edqnuxsw vdpsoh dqg dw wkh phdqv ri wkh

qrq0edqnuxsw vdpsoh yduldeohv156 WIS lv wkhq ydulhg iurp wkh 43wk wr wkh <3wk shufhqwloh

wr h{dplqh krz surgxfwlylw| gl�huhqfhv d�hfw wkh suredelolw| ri dvvhw vdohv iru erwk ri wkhvh

vdpsohv ri sodqwv1 Sdqho D looxvwudwhv wkdw wudqvlwlrq lqwr edqnuxswf| grhv qrw kdyh dq

hfrqrplf lpsruwdqw h�hfw rq wkh suredelolw| ri dvvhw vdohv1 Wkh suredelolw| ri dvvhw vdohv lv

vlplodu lq edqnuxsw |hdu w.4 dqg lq |hdu w041 Edqnuxsw �upv gr kdyh d kljkhu suredelolw| ri

vhoolqj dvvhwv/ exw wklv lqfuhdvhg suredelolw| lv gulyhq e| wkh gl�huhqfhv lq wkh phdq ydoxhv ri

rxu h{sodqdwru| surgxfwlylw|/ �up0ohyho fdvk  rzv dqg lqgxvwu| yduldeohv iru edqnuxsw dqg

qrqedqnuxsw �upv1 Hydoxdwlqj wkh suredelolw| ri dvvhw vdohv e| edqnuxsw �upv dw wkh phdq

ri wkh gdwd ri wkh qrq0edqnuxsw vdpsoh/ zh �qg d 607 shufhqwdjh srlqwv orzhu suredelolw|

ri dvvhw vdoh1 Hydoxdwlqj wkh qrq0edqnuxsw �up*v suredelolw| ri vdoh dw wkh phdq ri wkh

edqnuxsw vdpsoh/ wkhuh lv d 50518 shufhqwdjh srlqwv lqfuhdvh lq wkh suredelolw| ri dq dvvhw

vdoh1 Wkxv/ dssur{lpdwho| wzr0wklugv ri wkh lqfuhdvhg suredelolw| ri vdohv e| edqnuxsw �upv

lv dffrxqwhg iru e| gl�huhqfhv lq wkh vdpsoh phdqv dqg rqh wklug e| wkh ehiruh edqnuxswf|

dqg gxulqj edqnuxswf| gxpp| yduldeohv1 Wkh gxulqj0edqnuxswf| lqwhudfwlrq yduldeohv gr

qrw frqwulexwh vljql�fdqwo| wr wkh uhvxowv1

Wkh rqh fdvh zkhuh wkhuh lv dq hfrqrplfdoo| lpsruwdqw gl�huhqfh iru dvvhw vdohv lq edqn0

uxswf| lv lq txduwloh irxu1 Zkhq zh h{dplqh wkh suredelolw| ri dq dvvhw vdoh e| txduwlohv

lq Sdqho E/ zh �qg wkdw iru txduwloh irxu �upv wkh suredelolw| ri dq dvvhw vdoh lq wkh |hdu

56Zkhq fdofxodwlqj wkh suredelolw| ri dq dvvhw vdoh iru wkh vdph vxevdpsoh ri gdwd/ wkh rqo| gl�huhqfh

ehwzhhq edqnuxsw dqg qrqedqnuxsw �upv* suredelolw| lq |hdu w04 zloo eh wkh h�hfw ri wkh edqnuxsw �up

gxpp|1 Lq |hdu w.4 iru wkh edqnuxsw �up/ zh dgg wkh gxulqj edqnuxswf| yduldeoh dqg lwv lqwhudfwlrqv1 Wklv

surfhgxuh wkxv frqwurov iru gl�huhqwldo gdwd vxfk dv surgxfwlylw| gl�huhqfhv1
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vxevhtxhqw wr edqnuxswf|/ lqfuhdvhv zlwk WIS1 Wklv lv frqvlvwhqw zlwk rxu hduolhu �qglqj

wkdw txduwloh irxu �upv vhoo wkhlu ehwwhu dvvhwv lq edqnuxswf|1

Wkh uhvxowv vxssruw rxu prgho*v suhglfwlrqv derxw wkhuh ehlqj d kljkhu ydoxh ri uhdo0

orfdwlrq iru doo �upv/ edqnuxsw dqg qrq0edqnuxsw/ lq kljk jurzwk lqgxvwulhv1 Zh �qg qr

hylghqfh ri d orzhu udwh ri dvvhw wudqvihuv iru edqnuxsw �upv1 Wkxv wkh wklug suhglfwlrq ri

rxu prgho/ wkdw d frvw ri edqnuxswf| lq kljk jurzwk lqgxvwulhv lv wkh idloxuh wr vhoo dvvhwv

wr pruh h!flhqw �upv lv qrw vxssruwhg1 Pruh dvvhw vdohv gr rffxu iru edqnuxsw �upv dqg

wkh lqgxvwu| dqg sodqw surgxfwlylw| yduldeohv duh kljko| vljql�fdqw lq h{sodlqlqj wkhvh dvvhw

vdohv1

71615 Sodqw Forvxuhv dqg Oltxlgdwlrqv

Lq wklv vhfwlrq zh frqvlghu sodqw forvxuhv e| dqg oltxlgdwlrqv ri edqnuxsw �upv1 Zh �uvw

suhvhqw dyhudjh surgxfwlylw| qxpehuv iru forvhg sodqwv dqg iuhtxhqflhv ri forvxuhv iru erwk

edqnuxsw dqg lqgxvwu| �upv1 Qh{w zh h{dplqh zkhwkhu wkh lqgxvwu|0/ �up0 dqg sodqw0ohyho

idfwruv duh dvvrfldwhg zlwk wkh ghflvlrq wr forvh d sodqw1 Zh h{dplqh li wkhuh lv dq| ghod|

lq forvlqj sodqwv e| edqnuxsw �upv 0 d srwhqwldo edqnuxswf| frvw wkdw lv suhglfwhg e| rxu

prgho li frq lfwv ri lqwhuhvw duh kljkhu lq edqnuxswf|1

Lqvhuw Wdeoh : khuh

Wdeoh : uhyhdov wkdw sursruwlrqdoo| ihzhu forvxuhv rffxu lq kljk vklsphqw jurzwk txduwloh

irxu wkdq lq orz jurzwk txduwloh rqh lqgxvwulhv1 Wkh sodqwv forvhg lq kljk jurzwk lqgxvwulhv

duh ri vljql�fdqwo| orzhu surgxfwlylw| wkdq wkrvh forvhg lq orz jurzwk lqgxvwulhv1 Wkhvh

�qglqjv vkrz wkdw uhodwlyho| pruh xqsurgxfwlyh sodqwv uhpdlq rshq lq wkh kljk jurzwk lq0

gxvwulhv/ frqvlvwhqw zlwk wkh �qglqj lq Wdeoh 5 ri ghfolqlqj surgxfwlylw| lq wkh kljk jurzwk

txduwloh irxu1 Wklv pd| rffxu ehfdxvh wkh sodqw pd| hduq hqrxjk sur�wv wr fryhu yduldeoh

frvwv1 Lw pd| dovr eh lq d sodqw rzqhu*v lqwhuhvw qrw wr vhoo ru forvh dq xqsurgxfwlyh sodqw

lq d kljk jurzwk lqgxvwu| ehfdxvh ri wkh srvvlelolw| ri ixwxuh surgxfwlylw| lqfuhdvhv1 Qrq0

shfxqldu| ehqh�wv ri frqwuro pd| dovr ghfuhdvh wkh lqfhqwlyhv wr wudqvihu ru forvh dvvhwv1 Zh

qh{w lqyhvwljdwh zkhwkhu lqgxvwu| fkdudfwhulvwlfv fdq h{sodlq wkh suredelolw| ri sodqw forvxuh

xvlqj orjlvwlf uhjuhvvlrqv1

Wkh uhjuhvvlrqv lqfoxgh lqgxvwu|0ohyho yduldeohv dorqj zlwk sodqw0 dqg �up0ohyho yduldeohv

dqg lqwhudfwlrqv ri vhyhudo ri wkhvh yduldeohv zlwk lqglfdwruv ri edqnuxswf| vwdwxv1 Zh

suhvhqw orjlvwlf uhvxowv iru wkh ixoo vdpsoh dqg iru txduwlohv rqh dqg irxu1 Dv lq wdeoh 8/ wkh

odvw froxpq suhvhqwv d whvw ri zkhwkhu frh!flhqwv duh vljql�fdqwo| gl�huhqw ehwzhhq txduwlohv

rqh dqg irxu1 Zh whvw iru gl�huhqfhv e| uxqqlqj d uhjuhvvlrq iru doo txduwloh rqh dqg irxu

59



�upv zlwk d txduwloh irxu gxpp| yduldeoh lqwhudfwhg zlwk wkh lqghshqghqw yduldeohv1 Zh

suhvhqw wkh s0ydoxh iru wklv lqwhudfwlrq yduldeoh lq wkh odvw froxpq1

Lqvhuw Wdeoh ; khuh

Ryhudoo/ zh gr qrw �qg hylghqfh ri frvwv ri edqnuxswf| lq wkh irup ri ghod| ru idloxuh

wr forvh sodqwv1 Wkh orjlvwlf uhjuhvvlrqv vkrz wkdw iru doo �upv wkh lqgxvwu|0ohyho yduldeohv/

fkdqjh lq lqgxvwu| vklsphqwv dqg zhljkwhg lqgxvwu| uhvhdufk dqg ghyhorsphqw/ duh kljko|

vljql�fdqw dw wkh ohvv wkdq wkh rqh shufhqw ohyho1 Zh �qg wkdw wkh suredelolw| ri forvxuh lv

qhjdwlyho| uhodwhg wr wkh fkdqjh lq lqgxvwu| vklsphqwv1 Sodqw0ohyho fdvk  rzv dqg surgxf0

wlylw| duh dovr vljql�fdqwo| qhjdwlyho| uhodwhg wr forvxuhv1 Erwk uhvxowv duh frqvlvwhqw zlwk

hfrqrplf h!flhqf|1

Zkloh wkhuh duh vrph gl�huhqfhv ehwzhhq �upv wkdw h{shulhqfh edqnuxswf| dqg qrq0

edqnuxsw �upv/ zh �qg olplwhg hylghqfh wkdw ehlqj lq Fkdswhu 44 d�hfwv forvlqj ghflvlrqv1

Diwhu frqwuroolqj iru rwkhu yduldeohv/ �upv wkdw ghfoduh edqnuxswf| kdyh lqfuhdvhg udwhv ri

forvxuhv ehiruh Fkdswhu 44 dqg diwhu Fkdswhu 44 exw qrw gxulqj Fkdswhu 441 Wkh frh!flhqw

rq wkh gxpp| yduldeohv iru ehiruh dqg diwhu Fkdswhu 44 duh srvlwlyh dqg kljko| vljql�fdqw1

Krzhyhu/ wkh yduldeoh lqglfdwlqj wkdw wkh �up lv lq Fkdswhu 44 lv qrw vljql�fdqw1

Zh lqwhudfwhg wkh ehiruh/ gxulqj/ dqg diwhu Fkdswhu 44 edqnuxsw0�up gxpp| yduldeohv

zlwk wrwdo idfwru surgxfwlylw|/ fdvk  rz/ lqgxvwu| uhvhdufk dqg ghyhorsphqw/ fkdqjh lq

vklsphqwv dqg fdsdflw| xwlol}dwlrq1 Wkhuh zhuh qr vljql�fdqw lqwhudfwlrqv ehwzhhq wkh ehiruh

dqg diwhu Fkdswhu 44 edqnuxsw0�up gxpp| yduldeohv dqg wkh lqgxvwu| yduldeohv1 Zh gr qrw

uhsruw wkhvh lqwhudfwlrqv1

Wkhuh zhuh vljql�fdqw lqwhudfwlrqv ehwzhhq wkh gxulqj Fkdswhu 44 gxpp| yduldeoh dqg

rxu lqghshqghqw yduldeohv1 Zkloh lq Fkdswhu 44/ �upv* forvlqj ghflvlrqv zhuh pruh vhqvlwlyh

wr wkh fkdqjh lq lqgxvwu| vklsphqwv dqg wkh ohyho ri lqgxvwu| uhvhdufk dqg ghyhorsphqw1 Wkh

lqwhudfwlrq zlwk wkh fkdqjh lq lqgxvwu| vklsphqwv lv qhjdwlyh dqg vljql�fdqw/ vkrzlqj wkdw d

ghfolqh lq vklsphqwv fdxvhv wkh suredelolw| ri forvxuh wr lqfuhdvh1 Wkh lqfuhdvhg vhqvlwlylw|

wr lqgxvwu| vklsphqwv vxjjhvwv wkdw wkh edqnuxsw �upv* sodqwv duh pdujlqdo sodqwv lq wkh

lqgxvwu|1 Wkh qhjdwlyh dvvrfldwlrq ehwzhhq wkh lqwhudfwlrq ri edqnuxswf| dqg lqgxvwu|

uhvhdufk dqg ghyhorsphqw vkrzv wkdw �upv duh forvlqj pruh lq lqgxvwulhv zlwk orz uhvhdufk

dqg ghyhorsphqw1 Wklv �qglqj lv frqvlvwhqw zlwk wkhuh ehlqj ihzhu shufhlyhg jurzwk rswlrqv

lq wkhvh lqgxvwulhv1

H{fhsw iru wkh fdvh ri txduwloh irxu �upv/ zh �qg qr hylghqfh wkdw wkh surgxfwlylw| ri

sodqwv forvhg e| edqnuxsw �upv gl�huv iurp wkdw ri sodqwv forvhg e| rwkhu lqgxvwu| �upv1
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Lq txduwloh irxu/ wkhuh lv d qhjdwlyh lqwhudfwlrq/ vljql�fdqw dw wkh 43 shufhqw ohyho/ ehwzhhq

wrwdo idfwru surgxfwlylw| dqg wkh lq0edqnuxswf| yduldeoh1 Wkxv/ dv surgxfwlylw| lqfuhdvhv

wkhvh sodqwv duh ohvv olnho| wr eh forvhg1 Qr vljql�fdqw lqwhudfwlrqv h{lvw ehwzhhq fdvk  rz

dqg wkh lq0edqnuxswf| yduldeoh1 Wklv lqglfdwhv wkdw fdvk  rzv gr qrw gl�huhqwldoo| h�hfw

forvxuh ghflvlrqv ri edqnuxsw �upv1

Wkh odvw froxpq ri wklv wdeohv whvwv zkhwkhu frh!flhqwv duh vljql�fdqwo| gl�huhqw eh0

wzhhq txduwlohv irxu dqg rqh1 Zh uhsruw s0ydoxhv iru wklv whvw lq wkh odvw froxpq ri wklv

wdeoh1 Wkh vljql�fdqw gl�huhqfhv ehwzhhq wkhvh txduwlohv duh lq wkh h�hfw ri wkh lqgxvwu|

dqg surgxfwlylw| yduldeohv iru doo �upv1 Iru edqnuxsw �upv/ zh �qg vljql�fdqw gl�huhqfhv

ehwzhhq txduwlohv rqh dqg irxu lq wkh h�hfw ri wkh lqgxvwu| uhvhdufk dqg ghyhorsphqw1 Lq

kljk jurzwk txduwlohv/ lqfuhdvhg lqgxvwu| uhvhdufk dqg ghyhorsphqw lv dvvrfldwhg zlwk d orzhu

suredelolw| ri forvlqj d sodqw1

Lqvhuw Wdeoh < khuh

Lq Wdeoh < zh lqyhvwljdwh wkh hfrqrplf vljql�fdqfh ri rxu uhvxowv1 Dv lq wkh fdvh ri

dvvhw vdohv/ zh frpsxwh wkh hvwlpdwhg suredelolwlhv ri sodqw forvxuhv dw wkh phdqv ri doo

yduldeohv iru wkh edqnuxsw vdpsoh dqg dw wkh phdqv ri wkh qrq0edqnuxsw vdpsoh1 Lq wklv

wdeoh/ zh h{dplqh krz wkh fkdqjh lq lqgxvwu| vklsphqwv d�hfwv wkh suredelolw| ri forvxuh

iru wkh edqnuxsw dqg qrq0edqnuxsw vdpsohv1 Zh �qg wkdw wkh suredelolw| ri forvxuh lv

kljkhu iru edqnuxsw �upv1 Dw wkh 83wk shufhqwloh/ wkh suredelolw| ri forvlqj wkh |hdu sulru

wr edqnuxswf| lv 6144 shufhqw iru edqnuxsw �upv dqg 4197 shufhqw iru qrq0edqnuxsw �upv/

erwk hydoxdwhg dw wkh phdq ri wkh yduldeohv ri wkh edqnuxsw �up vdpsoh1 Wkh lqfuhdvhg

suredelolw| lv uhodwhg wr wkh kljkhu vhqvlwlylw| ri edqnuxsw �upv* forvxuh ghflvlrqv wr wkh

lqgxvwu| yduldeohv lqwhudfwhg zlwk wkh gxulqj0edqnuxswf| gxpp| yduldeoh1 Zh dovr �qg d

vwulnlqj gl�huhqfh ehwzhhq txduwloh rqh dqg txduwloh irxu1 Dw wkh phdqv ri wkhvh txduwlohv/

wkh suredelolw| ri forvlqj lv <14 shufhqw iru txduwloh rqh dqg rqo| 316; shufhqw iru txduwloh

irxu1 Wkhvh uhvxowv vkrz wkdw dyhudjh forvxuh udwhv duh vljql�fdqwo| kljkhu dqg hfrqrplfdoo|

lpsruwdqw iru edqnuxsw �upv lq wkh orz jurzwk txduwloh1 Lq ghfolqlqj lqgxvwulhv/ Fkdswhu 44

dsshduv wr eh d phfkdqlvp iru irvwhulqj wkh h{lw ri fdsdflw|1

Wkh �qdo slhfh ri hylghqfh h{dplqhv �upv wkdw frqyhuw wr Fkdswhu : iurp Fkdswhu 441 Lq

Fkdswhu : wkh �up grhv qrw hphujh exw hlwkhu vhoov ru forvhv doo lwv sodqwv1 Doo wkh sulru wdeohv

glg lqfoxgh wkhvh Fkdswhu : �upv zkloh wkh| zhuh lq Fkdswhu 44 0 wkxv dyrlglqj vxuylyruvkls

eldv1 Zh uhpryh wkh �upv zklfk vxevhtxhqwo| �oh iru Fkdswhu : �upv iurp wkh ixoo Fkdswhu
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44 vhw lq wklv wdeoh1 Wkxv wklv wdeoh frpsduhv �upv vhohfwhg iru Fkdswhu : oltxlgdwlrq zlwk

wkrvh wkdw hphujhg ru uhpdlq lq Fkdswhu 441 Lq Sdqho F/ froxpqv 4 dqg 6 uhsuhvhqw wkh

|hduv diwhu Fkdswhu 44 iru �upv hphujlqj iurp edqnuxswf|1 Froxpqv 5 dqg 7 uhsuhvhqw wkh

|hduv lq Fkdswhu : diwhu wudqvihuulqj iurp Fkdswhu 44 iru wkh erwwrp 5 dqg wrs 5 txduwlohv/

uhvshfwlyho|1 Zh dvvljq �upv wr Fkdswhu : edvhg rq wkh |hdu hqg vwdwxv/ wkxv vrph �upv

wudqvihu wr Fkdswhu : zlwklq wkh vdph |hdu ri ghfodulqj Fkdswhu 441 \hdu 3 lv qrw lqfoxghg

lq wklv sdqho ehfdxvh lq wklv |hdu �upv vshqg sduw ri wkh |hdu lq Fkdswhu 44 dqg sduw ri wkh

|hdu lq Fkdswhu :1

Lqvhuw Wdeoh 43 khuh

Lqvshfwlrq ri Sdqho F lq Wdeoh 43 vkrzv wkdw wkh surgxfwlylw| ri sodqwv zkloh lq Fkdswhu

: lv pxfk orzhu wkdq wkh surgxfwlylw| ri sodqwv ri �upv wkdw hphujh iurp Fkdswhu 441 Wkh

surgxfwlylw| ri wkhvh sodqwv ri Fkdswhu : �upv lv dovr pxfk orzhu wkdq wkh surgxfwlylw|

ri sodqwv zkloh �upv duh lq Fkdswhu 44/ vkrzq lq Sdqho E1 Wkhuh duh dovr pruh Fkdswhu :

oltxlgdwlrqv lq wkh orzhvw wzr vklsphqw jurzwk txduwlohv1 Wkh orzhu surgxfwlylw| ri Fkdswhu

: sodqwv vkrzv wkdw/ frqvlvwhqw zlwk hfrqrplf h!flhqf|/ sodqwv vhohfwhg iru oltxlgdwlrq duh

lqghhg vljql�fdqwo| ohvv surgxfwlyh1 Erwk sodqwv vhohfwhg iru Fkdswhu : oltxlgdwlrq dqg

forvhg sodqwv +suhvhqwhg lq Wdeoh :,/ wkdw duh forvhg rxwvlgh ri Fkdswhu : kdyh vljql�fdqwo|

qhjdwlyh surgxfwlylw|/ vxjjhvwlqj Fkdswhu 44 surfhvv grhv glvfulplqdwh ehwzhhq lqh!flhqw

dqg h!flhqw �upv1 Ryhudoo/ wkh kljkhu lqflghqfh ri Fkdswhu : oltxlgdwlrqv/ frpelqhg zlwk

kljkhu lqflghqfh ri forvxuhv dqg Fkdswhu 44 edqnuxswflhv lq orz lqgxvwu| jurzwk txduwlohv/

djdlq hpskdvl}hv wkh lpsruwdqfh ri lqgxvwu| h�hfwv wr wkh vhohfwlrq lqwr Fkdswhu 44 dqg

Fkdswhu :1

81 Frqfoxvlrqv

Lq wklv sdshu zh kdyh lqyhvwljdwhg krz lqgxvwu| vklsphqwv dqg rwkhu lqgxvwu| fkdudf0

whulvwlfv d�hfw �upv* shuirupdqfh lq edqnuxswf| dqg wkh ghflvlrq wr uhghsor| dvvhwv1 Zh gr

qrw �qg pxfk hylghqfh ri uhdo edqnuxswf| frvwv1 Fkdswhu 44 edqnuxswf| vwdwxv lv uhodwlyho|

ohvv lpsruwdqw wkdq lqgxvwu| dqg sodqw0ohyho surgxfwlylw| idfwruv lq lq xhqflqj edqnuxsw

�upv* ghflvlrqv1 Edqnuxsw �upv gr kdyh d kljkhu suredelolw| ri forvlqj sodqwv lq ghfolqlqj

lqgxvwulhv1 Wklv kljkhu suredelolw| uhvxowv iurp dq lqfuhdvhg vhqvlwlylw| ri forvxuh wr lqgxvwu|

vklsphqwv1

Rxu prgho dqg hylghqfh vkrz wkdw lqfhqwlyhv wr vhoo dqg forvh sodqwv ghshqg rq lqgxvwu|

ghpdqg dqg fdsdflw| xwlol}dwlrq zklfk ghwhuplqh rssruwxqlw| frvwv ri dvvhwv1 Ilupv pd|
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hqwhu edqnuxswf|/ vhoo dqg2ru forvh sodqwv ehfdxvh wkh qxpehu ri sodqwv wkdw fdq rshudwh

sur�wdeo| lq wkh lqgxvwu| pd| fkdqjh dqg qrw ehfdxvh ri uhodwlyh �up lqh!flhqf|1 Xqghu

sodxvleoh dvvxpswlrqv/ wkh ydoxh ri uhrujdql}lqj lv kljkhvw zkhq lqgxvwu| jurzwk lv kljkhvw1

Krzhyhu/ dw wklv wlph wkh olnholkrrg ri edqnuxswf| pd| eh orzhvw ehfdxvh wkh ryhudoo ohyho

ri lqgxvwu| fdvk  rzv lv kljk1 Rxu hpslulfdo uhvxowv vkrz wkdw wkh iuhtxhqf| ri edqnuxswf|

lv lqghhg orzhvw lq kljk jurzwk lqgxvwulhv1 Wklv vxjjhvwv wkdw edqnuxswf| pd| qrw eh d

phfkdqlvp xvhg wr vfuhhq rxw lqh!flhqw �upv lq wkhvh lqgxvwulhv1

Prvw edqnuxswflhv duh olnho| wr rffxu suhflvho| zkhq wkh rssruwxqlw| frvwv ri dvvhwv duh

orz1 Wkh h!flhqw uhvroxwlrq ri edqnuxswf| pd| lqyroyh wkh vdoh ri vrph dvvhwv/ forvxuh

ri rwkhu dvvhwv dqg wkh vxuylydo ri vrph ohvv surgxfwlyh dvvhwv/ zkrvh ydoxh ghulyhv iurp dq

rswlrq rq wkh ohyho ri lqgxvwu| ghpdqg1 Dv d uhvxow/ wkh hydoxdwlrq ri wkh edqnuxswf| surfhvv

pxvw wudfn doo ri wkhvh rxwfrphv dqg fdqqrw irfxv rqo| rq wkh surgxfwlylw| ri vxuylyru �upv1

Rxu hpslulfdo uhvxowv vxssruw rxu prgho ri dvvhw wudqvihuv1 Wkh| vkrz wkdw iru doo �upv/

vdohv duh pruh olnho| zkhq lqgxvwu| jurzwk lv kljk dqg wkdw wkhvh vrog dvvhwv lqfuhdvh lq

surgxfwlylw| xqghu qhz rzqhuvkls1 Rxu �qglqjv dovr vkrz wkdw iuhtxhqflhv ri edqnuxswflhv/

dvvhw wudqvihuv/ dqg sodqw forvxuhv duh v|vwhpdwlfdoo| uhodwhg wr jurzwk lq lqgxvwu| vklsphqwv1

Zh �qg wkdw wkhuh duh pruh wkdq wkuhh wlphv wkh sursruwlrq ri sodqwv wkdw duh lq Fkdswhu 44

lq orz jurzwk lqgxvwulhv dv lq kljk jurzwk lqgxvwulhv1 Krzhyhu/ surgxfwlylw| ri sodqwv lq orz

ru qhjdwlyh jurzwk lqgxvwulhv lv qrw vljql�fdqwo| gl�huhqw iurp wkhlu lqgxvwu| frxqwhusduwv1

Wkxv zh �qg qr hylghqfh ri dq| edqnuxswf| frvwv lq wkhvh lqgxvwulhv1 Iru �upv lq lqgxvwulhv

zlwk orz ru qhjdwlyh ghpdqg jurzwk/ Fkdswhu 44 surwhfwlrq grhv qrw vhhp wr eh xvhg e|

orz surgxfwlylw| �upv vr wkdw wkh| fdq dyrlg forvlqj ru vhoolqj lqh!flhqw sodqwv1

Wkh uhvxowv duh gl�huhqw iru sodqwv ehorqjlqj wr �upv wkdw ghfoduh Fkdswhu 44 lq lqgxv0

wulhv zkhuh vklsphqw jurzwk lv lq wkh kljkhvw txduwloh1 Dowkrxjk wkhvh sodqwv duh d orzhu

sursruwlrq ri sodqwv lq wkhlu lqgxvwulhv/ wkhlu dyhudjh surgxfwlylw| lv vljql�fdqwo| orzhu wkdq

wkdw ri wkhlu lqgxvwu| frxqwhusduwv1 Diwhu fruuhfwlqj iru vxuylyruvkls eldv ehfdxvh ri sodqw

vdohv dqg forvxuhv/ wkh surgxfwlylw| ri sodqwv ri edqnuxsw �upv lq kljk jurzwk lqgxvwulhv/

zkloh orz/ rqo| ghfuhdvhv ryhu wlph iru �upv wkdw uhpdlq lq Fkdswhu 44 iru irxu ru pruh

|hduv1 Wkhvh �qglqjv vkrz wkdw dvvhw frpsrvlwlrq dqg vxuylyruvkls eldv lv d vhulrxv sureohp

wkdw pxvw eh dffrxqwhg iru ehiruh pdnlqj dq| frpsdulvrqv ehwzhhq h{0srvw dqg h{0dqwh

shuirupdqfh1 Edqnuxsw �upv* shuirupdqfh phdvxuhv fkdqjh iru wkh prvw sduw ehfdxvh ri

dvvhw vdohv dqg forvxuhv dqg qrw ehfdxvh ri dq| fkdqjh lq wkh h!flhqf| ri uhwdlqhg dvvhwv1

Zkhq zh dqdo|}h wkh uhghsor|phqw ri sodqwv ri Fkdswhu 44 �upv vhyhudo frqfoxvlrqv

hphujh1 Iluvw/ lq kljk jurzwk lqgxvwulhv wkh surgxfwlylw| ri sxufkdvhg sodqwv lqfuhdvhv xqghu
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qhz rzqhuvkls zkhuhdv lq ghfolqlqj lqgxvwulhv lw grhv qrw1 Wklv �qglqj lv frqvlvwhqw zlwk wkh

frqfoxvlrq ri rxu prgho wkdw wkh ydoxh ri dvvhw wudqvihuv lqfuhdvhv lq kljk jurzwk lqgxvwulhv1

Vhfrqg/ wkh sxufkdvhuv ri edqnuxsw �upv* sodqwv duh pruh h!flhqw wkdq wkh dyhudjh �up lq

wkhlu lqgxvwu|1

Rxu orjlvwlf uhjuhvvlrqv vkrz wkdw lqgxvwu|0ohyho uhvhdufk dqg ghyhorsphqw lv vljql�fdqw

lq h{sodlqlqj wkh dvvhw vdoh dqg forvlqj ghflvlrqv1 Lq lqgxvwulhv zlwk kljk uhvhdufk dqg

ghyhorsphqw dqg kljk jurzwk lq vklsphqwv/ �upv lq edqnuxswf| duh ohvv olnho| wr forvh dqg

vhoo sodqwv1 Wkhvh uhvxowv vxjjhvw wkdw dvvhw vshfl�flw| dqg whfkqrorjlfdo fkdqjh pd| d�hfw

wkh ydoxh ri dvvhwv dqg zkhwkhu dvvhwv duh vrog1

Wkh orjlvwlf uhjuhvvlrqv dovr vkrz wkdw iru doo �upv/ edqnuxsw dqg qrq0edqnuxsw/ wkh

suredelolw| ri forvxuh lv qhjdwlyho| uhodwhg dqg wkh suredelolw| ri dvvhw vdohv lv srvlwlyho|

uhodwhg wr wkh fkdqjh lq lqgxvwu| rxwsxw1 Edqnuxswf| vwdwxv kdv d plqlpdo h�hfw rq wkh

suredelolw| ri vhoolqj d sodqw1 Wkh suredelolw| ri forvxuhv lv kljkhu iru edqnuxsw �upv lq

ghfolqlqj lqgxvwulhv1 Wklv kljkhu suredelolw| dulvhv iurp wkh lqfuhdvhg vhqvlwlylw| ri forvxuhv

wr fkdqjhv lq lqgxvwu| vklsphqwv gxulqj Fkdswhu 441

Wkh prgho dqg uhvxowv vxjjhvw wkdw lq lqgxvwulhv zkhuh wkh rssruwxqlw| frvwv ri dvvhwv duh

kljk dqg srvlwlyho| fruuhodwhg zlwk fdvk  rzv/ phfkdqlvpv rwkhu wkdq edqnuxswf| pd| kdyh

d pruh lpsruwdqw uroh lq uhvwuxfwxulqj lqh!flhqw �upv1 Lq ixwxuh uhvhdufk zh zloo h{dplqh

wkhvh idfwruv dqg zkhwkhu �qdqfldo glvwuhvv dqg wkh wkuhdw ri edqnuxswf| d�hfwv wkh dvvhw

uhghsor|phqw surfhvv xqghu gl�huhqw ghpdqg frqglwlrqv1

Dsshqgl{

Surri ri Sursrvlwlrq 4

Ohw wkh rswlpdo qxpehu ri fdsdflw| xqlwv rshudwhg e| �upv ri kljk dqg orz txdolw| �upv

eh &� dqg &, uhvshfwlyho|1 Wkh rxwsxw ri kljk txdolw| �upv lv rewdlqhg e| pd{lpl}lqj wkh

�up*v rshudwlqj sur�w/ R&� 3 o&� 3 �
`
&�
�2
� Vroylqj iru &�c zh rewdlqR3o

2�
dv wkh rswlpdo

fdsdflw| wkdw kljk txdolw| �upv rshudwh dw wkh jlyhq rssruwxqlw| frvw o1 Wkh fdsdflw| dw

zklfk wkh orz txdolw| �upv rshudwh lv vlploduo| rewdlqhg dv &, ' R_3o

2�
1 Qrwlfh wkdw &� : &,/

vr wkdw d kljk txdolw| �up xvhv pruh fdsdflw| wkdq wkh edg �up dw hyhu| sulfh ohyho1

Dvvxph �uvw wkdw qr �up h{lwv dw wlph |f1 Wkh pdunhw sulfh ri wkh rxwsxw lv R '

@3K?EZ&�n_E�3Z�&,�1 Wkh uhqwdo sulfh ri fdsdflw| lv ghwhuplqhg e| htxdwlqj wkh ghpdqg

iru fdsdflw| e| hdfk w|sh ri �up wr wkh wrwdo qxpehu ri fdsdflw| xqlwv dydlodeoh/ hlwkhu rq
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wkh vhfrqgdu| pdunhw ru vxssolhg e| pdqxidfwxuhuv/ vr wkdw

g n kn Ko ' Z?
R3 o

2�
n E� 3 Z�?

R_3 o

2�
� +4,

Wkh �uvw whup rq wkh uljkw kdqg vlgh ri wkh htxdwlrq lv wkh ghpdqg iru fdsdflw| e| wkh

Zf? jrrg �upv dqg wkh vhfrqg whup lv wkh ghpdqg iru fdsdflw| e| wkh E�3 Z�? edg �upv1

Vroylqj htxdwlrq +4, iru wkh rssruwxqlw| frvw ri fdsdflw| |lhogv

o '
R EZ n _ E�3 Z�� ?

?n 2q�
3

2�Eg n k�

?n 2q�
� +5,

Zh �uvw fkdudfwhul}h wkh ydoxhv ri @ iru zklfk erwk � dqg , �upv surgxfh lq wkh �uvw

shulrg dqg o : r1 Vxevwlwxwlqj wkh h{suhvvlrq iru wkh uhqwdo frvw ri fdslwdo +5, lqwr wkh

h{suhvvlrqv iru wkh ghvluhg fdsdflw| e| kljk dqg orz txdolw| �upv/ zh rewdlq

&� '
g n k

?n q�
n

E�3 _�E� 3 Z� n 2q�

2�E? n q��
R dqg &, '

g n k

?n q�
3

E�3 _�Z 3 2q_�

2�E?n q��
R� +6,

Iru _ 	 ?Z

?Zn2q�
/ dv R lqfuhdvhv / &� lqfuhdvhv dqg &, ghfuhdvhv1 Wkh orz txdolw| �upv duh dw

wkhlu plqlpxp vl}h ri rqh xqlw ri fdsdflw| iru RW ' Eo n 2��*_� Wkh uhqwdo sulfh ri fdslwdo

oW fdq eh rewdlqhg iurp

g n k n qoW ' Z?
RW 3 oW

2�
n E� 3 Z�?�

Vroylqj wkh odvw wzr uhodwlrqvklsv |lhogv

RW '
2� EEg 3 ?�3 E2q� 3 k��

E�3 _�?Z 3 2q_�
�

Vxevwlwxwlqj lq wkh h{suhvvlrq iru RW lq wkh ghpdqg htxdwlrq |lhogv wkh ohyho ri ghpdqg dw

zklfk orz txdolw| �upv surgxfh dw plqlpxp h!flhqw vfdoh1

@W ' RW 3 KEg n k n qoW 3 E�3 _�E� 3 Z�?��

Dv @ lqfuhdvhv deryh @W/ orz txdolw| �upv kdyh dq lqfhqwlyh wr vhoo wkhlu uhpdlqlqj xqlw ri

fdsdflw| wr kljk txdolw| �upv dqg wr ohdyh wkh lqgxvwu|1 Krzhyhu/ lq htxloleulxp doo wkh

orz txdolw| �upv fdqqrw ohdyh wkh lqgxvwu| dw @ ' @W iru Z 	 �1 Li wklv zhuh wr kdsshq

dw @W wkhuh zrxog eh d glvfrqwlqxrxv lqfuhdvh lq surgxfwlrq dv � 3 Z xqlwv ri fdsdflw| duh

wudqvihuuhg wr kljk txdolw| �upv1 Wklv lqfuhdvh lq surgxfwlrq gulyhv wkh sulfh ehorz RW/

pdnlqj lw vxerswlpdo iru orz txdolw| �upv wr ohdyh wkh lqgxvwu|1 Wkxv/ orz txdolw| �upv
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ohdyh wkh lqgxvwu| ryhu dq lqwhuydo dw d udwh wkdw ohdyhv wkh uhpdlqlqj orz txdolw| �upv

lqgl�huhqw ehwzhhq ohdylqj dqg frqwlqxlqj wr surgxfh dw wkh plqlpxp h!flhqw vfdoh1

Zh qh{w fkdudfwhul}h wkh ydoxh ri @c @WW dw zklfk wkh odvw uhpdlqlqj orz txdolw| �up

h{lwv1 Dw @WW wkh pdunhw sulfh ri rxwsxw lv RWW ' @WW 3 KEg n k n qoWW� dqg wkh uhqwdo sulfh

ri fdslwdo lv jlyhq lpsolflwo| e| oWW ' RWW 3 2�Eg n k n qoWW�*E?Z�1 Vroylqj h{solflwo| iru

wkh uhqwdo frvw ri hdfk xqlw ri fdsdflw| dqg wkh sulfh ri wkh �qdo rxwsxw/ zh rewdlq

oWW '
?ZE@3 KEg n k��3 2�Eg n k�

?ZE� n Kq� n 2q�
c

dqg

RWW '
?ZE@3 KEg n k��3 2�@q

?ZE� n Kq� n 2q�
�

Wkh odvw orz txdolw| �up h{lwv wkh lqgxvwu| zkhq oWW htxdov wkh surfhhgv iurp rshudwlqj

wkh fdsdflw| _RWW3�� Htxdwlqj wkh wzr dqg vroylqj/ |lhogv @WW� Lq wkh uhjlrq ehwzhhq wkhvh

wzr olplwv wkh orz txdolw| �upv dgrsw pl{hg vwudwhjlhv1 Vrph vhoo doo wkhlu fdsdflw| dqg ohdyh

wkh lqgxvwu| dw |f/ zkhuhdv rwkhuv uhpdlq lq wkh lqgxvwu| dw wkh plqlpxp h!flhqw vfdoh1 Wr

fkdudfwhul}h wkh htxloleulxp lq wklv uhjlrq/ ohw % eh wkh sursruwlrq ri orz txdolw| �upv wkdw

uhpdlq lq wkh lqgxvwu| dw wlph |f� Wkhvh �upv hdfk frqwuro rqh xqlw ri fdsdflw|1 Wkh sulfh

ri rxwsxw lv htxdo wr R% ' @3 Kgnknqo%n K_E�3 Z�%?� Wkh sulfh ri fdsdflw| lv rewdlqhg

e| vroylqj

o% ' R% 3
2� Eg n kn qo% 3 E�3 Z�?%�

?Z
�

H{solflw ydoxhv iru R% dqg o% fdq eh ghulyhg e| vroylqj wkh odvw wzr htxdwlrqv1 Wkh uhod0

wlrqvkls ehwzhhq @ dqg % fdq wkhq eh rewdlqhg iurp wkh pdujlqdo htxloleulxp frqglwlrq

o% ' _R% 3 �� Dv @ lqfuhdvhv ihzhu orzhu surgxfwlylw| �upv uhpdlq lq wkh lqgxvwu|1

Qh{w frqvlghu wkh ydoxh ri @ iru zklfk o/ jlyhq lq htxdwlrq +5, htxdov r� Iru wklv dqg orzhu

ohyhov ri @ wkh rssruwxqlw| frvw ri fdsdflw| lv r dqg qr qhz fdsdflw| hqwhuv wkh lqgxvwu|1

Wkxv/ wkh ghvluhg fdsdflw| ri kljk dqg orz txdolw| �upv lv jlyhq e| htxdwlrqv +6, zlwk

k ' q ' f� Dv @ ghfolqhv lq wklv uhjlrq wkh fdsdflw| rshudwhg e| erwk kljk dqg orz txdolw|

�upv dovr ghfolqhv dqg fdsdflw| ohdyhv wkh lqgxvwu|1 Orz0fdsdflw| �upv vkulqn wr wkhlu

plqlpxp h!flhqw vfdoh dw d ydoxh @�1 Dv deryh/ lq vrph lqwhuydo d@��c @�o vrph orz txdolw|

�upv uhpdlq lq wkh lqgxvwu| zkloh rwkhuv forvh grzq1 Dw @�� doo wkh orz txdolw| �upv duh

forvhg1 Vlploduo|/ wkhuh h{lvwv dq lqwhuydo d@��c @�oc zkhuh @� 	 @��/ lq zklfk wkh kljk txdolw|

�upv ohdyh wkh lqgxvwu|1
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Table 1          
Chapter 11 Bankruptcy Sample Characteristics

Sample characteristics of plants of bankrupt firms which declared Chapter 11 in the years 1978-1989. Plant-level
data is obtained from the Annual Survey of Manufactures (ASM) from the Bureau of the Census, U.S. Depart-
ment of Commerce. Total factor productivity (TFP) statistics are given for the year prior to the declaration of 
Chapter 11 for each of the bankrupt firms.  TFP is a relative measure of productivity calculated such that average TFP
over time equals zero.  TFPs are standardized by dividing each TFP by the standard deviation of the industry's TFP 
at the 4 digit level.  Shipment or Output change is determined by using aggregate industry data from the National
Bureau of Economic Research (NBER) for manufacturing industries.  Quartiles are determined by computing the change
in the real value of shipments over 10 years at the 3 digit SIC code level. (Standard error of the mean is in parentheses.)

                          Sample of Firms

Bankrupt Non-bankrupt
Firms Industry Firms

Number of Plants 
a

1,075 56,256

  (302 Bankrupt Firms)

Average Plant Size 61.954 29.764
     (Value of Shipments - $ Millions)

Average Plant Age (Years)
b

11.5 8.24
     Standard Error of Mean (.154) (.025)

Total Factor Productivity: Year before Chapter 11   
     Ave. Standardized TFP (Bankrupt - Industry Ave.) -0.048*
     Standard Error of Mean (.0282)

Statistics by Growth in Industry Shipments Quartile
      Quartile 1 :  Number of Plants 259 8,021
          % of Industry Plants in Bankruptcy 3.23%
          Median Growth in Real Industry Shipments: -33.93%

      Quartile 2 :  Number of Plants 457 18,089
          % of Industry Plants in Bankruptcy 2.53%
          Median Growth in Real Industry Shipments: -4.12%

      Quartile 3 :  Number of Plants 199 12,978
          % of Industry Plants in Bankruptcy 1.53%
          Median Growth in Real Industry Shipments: 8.11%

      Quartile 4 :  Number of Plants 160 16,295
          % of Industry Plants in Bankruptcy 0.98%
          Median Growth in Real Industry Shipments: 23.14%

* Significantly different from zero at the 10%, level using a two-tailed test for the difference of the mean from zero.
a

We use the year of the first bankruptcy in an industry when there are multiple bankruptcies in an industry

   for the number of non-bankrupt industry firms and industry plants.
b

Average plant age is calculated as the year before Chapter 11 less the first time the plant appeared in the

    database starting with 1972.  We checked back as far as the 1972 Census of Manufactures for plant births.
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Table 2
Productivity of Plants of Chapter 11 Firms

This table presents summary statistics that examine whether the productivity and number of plants of bankrupt 
firms varied over aggregate industry quartiles defined by change in industry demand over the 10 year period using
the change in 3 year averages for 1977-1979 to 1986-1988.  Numbers are average relative Total Factor
Productivity (TFP) less the industry average TFP for firms which declared chapter 11 in the years 1977-1989.  
TFPs are standardized by dividing each TFP by the standard deviation of the industry TFPs at the 4 digit SIC
code level.  Quartiles are determined by using aggregate industry shipment data from the National Bureau 
of Economic Research (NBER) for manufacturing industries. The industry shipment data is the real value of 
shipments at the 3 digit SIC code.  (T-statistics for significant difference from zero are in parentheses.)

Productivity (Industry Adjusted)
 by Industry Growth Quartile t-stat. for significant

All Firms n Q1
*

n Q4
*

n difference for Q4-Q1
Average productivity (lowest quartile)

Panel A:  Years Before Chapter 11
Year -2 -0.044 1188 -0.052 308 -0.009 196 (0.47)

(-1.53) (-1.04) (-0.12)

Year -1 -0.048 c 1075 -0.032 259 -0.151c 160 (-1.14)

(-1.70) (-0.53) (-1.70)

Panel B:  In Chapter 11

Year 0 -0.092 a 873 -0.118 c 207 -0.188  154 (-0.56)

t-stat for average (-2.51) (-1.73) (-1.46)

t-stat for -1 to  0 (-0.89) (-0.98) (-0.24)

Year +1 0.036 639 0.086 156 0.015 102 (-1.26)

t-stat for average (0.86 ) (1.06) (0.13)

t-stat for -1 to  +1 (1.67 ) (1.20) (1.14)

Year +2 -0.024 345 0.072 99 -0.237b 61 (-1.98) b

t-stat for average (-0.51) (0.72) (-1.74)

t-stat for -1 to  +2 (0.42 ) (1.04) (-0.53)

Year +3 -0.071 200 0.027 72 -0.369a 29 (-2.62) a

t-stat for average (-1.14) (0.31) (-2.47)

t-stat for -1 to  +3 (-0.33) (0.57) (-1.26)

Year +4 -0.023 143 0.093 56 -0.335a 24 (-2.40) a

t-stat for average (-0.31) (0.87) (-2.66)

t-stat for -1 to  +4 (0.33 ) (1.03) (-1.19)

Panel C:  After Emergence from Chapter 11

Year +1 -0.123 c 372 -0.055 c 75 0.022 49 (0.44)

t-stat for average (-1.89) (-0.48) (0.17)

t-stat for -1 to  +1 (-0.83) (-0.18) (1.13)

Year +2 -0.093 213 -0.040 56 -0.003 34 (0.65)

t-stat for average (-1.48) (-0.31) (0.02)

t-stat for -1 to  +2 (-0.65) (-0.06) (0.90)

Year +3 -0.165 c 124 -0.003 28 -0.288 30 (-0.63)

t-stat for average (-1.63) (-0.01) (-1.47)

t-stat for -1 to  +3 (-1.11) (0.10) (-0.64)

*  Q1 is productivity for quartile 1, Q4 = is productivity for quartile 4.

a, b, c - Significantly different from zero at the 1%, 5%, 10% level, respectively, using a two-tailed t test.
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Table 3
Productivity Controlling for Compostition Changes

This table presents the prior productivity of plants by the number of years in Chapter 11, for industry growth
quartiles 1 and 4.  The table thus directly controls for changing asset composition.  Plants leave Chapter 11 because
they are sold off, close down or because the firm emerges from Chapter 11.  Numbers are plant-level Total
Factor Productivity (TFP) less the industry average TFP for firms which declared chapter 11 in the years 1978-1989.

TFPs are standardized by dividing each TFP by the standard 'deviation of the industry TFPs at the 4 digit SIC code
level.  Quartiles are determined by using the change in 10 year shipments at the aggregate 3 digit SIC code level
for all industries.  (T-statistics for significant difference from zero are in parentheses.)

Industry Quartile 1:  Productivity in Bankruptcy
Number of years Average Change

in Chapter 11 Year -1 Year -1 to 0 -1 to 1 -1 to 2 -1 to 3 -1 to 4

< 1 year, n=47 -0.293 b 0.068
t-stat. for Q1* (-2.14) (0.31)

1 year, n=54 -0.287 b 0.187 0.312
t-stat. for Q1 (-2.19) (0.96) (1.48)

2 years, n=27 -0.086 -0.110 0.252 0.240
t-stat. for Q1 (-0.67) (-0.55) (1.18) (0.23)

3 years, n=13 0.286  -0.266 -0.172 -0.162 0.001
t-stat. for Q1 (1.44) (-0.86) (-0.63) (-0.53) (0.01)

4 or more, n=56 -0.078 -0.023  0.148 0.087 0.107 0.176
t-stat. for Q1 (-0.71) (-0.21) (1.18) (0.88) (1.02) (1.55)

Industry Quartile 4:  Productivity in Bankruptcy
Number of years Average Change

in Chapter 11 Year -1 Year -1 to 0 -1 to 1 -1 to 2 -1 to 3 -1 to 4

< 1 year, n=20 -0.306  -0.517

t-stat. for Q4* (-1.61) (-1.71)
c

t-stat. for Q4-Q1* (-0.09) (-1.67) c

1 year, n=39 -0.159 0.233 0.212
t-stat. for Q4 (-0.68) (0.66) (0.68)

t-stat. for Q4-Q1 (0.94) (0.12) (0.14)

2 years, n=29 0.247 0.057 0.055 -0.352

t-stat. for Q4 (0.99) (0.18) (0.17) (-1.02)

t-stat. for Q4-Q1 (1.40) (0.45)  (-0.52) (-0.54)

3 years, n=6 -0.541  -0.239 -0.251 0.029 0.128
t-stat. for Q4 (-1.51) (-0.60) (-0.64) (0.07) (0.34)

t-stat. for Q4-Q1 (-2.26) b (0.06) (-0.17) (0.40) (0.29)

4 or more, n=24 -0.076 -0.037 -0.048 -0.228 -0.274 -0.258
t-stat. for Q4 (-0.69) (-0.27) (-0.37) (-1.78) c (-2.35) b (-2.11) b

t-stat. for Q4-Q1 (0.02) (-0.08) (-0.96) (-1.84) c (-2.16) b (-2.32) b

Note:  Plant counts do not add up exactly to the yearly changes in plants in Table 2 because of missing plant year data.

* Q1 represents productivity of plants in quartile 1, Q4 for quartile 4 respectively.

   Q4-Q1 represents the difference in means between quartle 4 and quartile 1.

a, b, c - Significantly different from zero at the 1%, 5%, 10% level, respectively, using a two-tailed t test for the 

difference of the mean from zero.
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Table 4B
Asset Sales by Chapter 11 Firms

This table examines the productivity of firms' plants that were sold by Chapter 11 firms and industry plants in the same 4 digit SIC code.  Industry quartiles
are formed using external industry data from the NBER and represent the change in shipments over a ten year period at the 3 digit SIC code level. 
TFPs are standardized by dividing each TFP by the standard deviation of the industry TFPs at the 4 digit SIC code level.  Years after emergence are 
combined for bottom 2 and top 2 quartiles because of disclosure restrictions.  (T-statistics are in parentheses.)

(lowest  2 quartiles) (highest  2 quartiles)
Bankrupt Firms Industry Firms Bankrupt Firms Industry Firms

Old Owners New Owners Old Owners New Owners Old Owners New Owners Old Owners New Owners

Panel A:  Before Chapter 11

Asset Sale Firms: Sales -0.014 -0.027 -0.015 0.017 -0.065 -0.052 -0.032 -0.020

t-stat for Average TFP=0 (-0.26) (-0.46) (-0.98) (1.23) (-0.91) (-0.60) (-2.07)b (-1.16)

t-stat for Improvement under (-2.18)
b

(0.03)

New Owners, relative to industry
number of plants [% Sold Off] 193, [41.3%] 706,[18.4%]* 122,[52.4%] 502,[13.1%]*

     Assets Retained: TFP -0.049 0.029 -0.057 0.040

t-stat for Average TFP=0 (-1.26) (1.50) (-1.25) (2.28)
b

t-stat for Retain - Sold (-0.54) (1.78)
c

(0.09) (3.08)
a

number of plants 274 3124 111 3324

Non-Asset Sale Firms -0.070 -0.008 -0.016 -0.009
t-stat for Average TFP=0 (-1.63) (-1.15) (-0.57) (-1.23)

n = 434 n = 19664 n = 251 n = 16967

Panel B:  Chapter 11 Period

Asset Sale Firms: Sales -0.030 -0.057 -0.033 -0.008 0.011 0.080 -0.009 -0.051
t-stat for Average TFP=0 (-0.36) (-1.45) (-2.24)

b
(-0.44) (0.11) (1.72)

c
(-0.65) (-3.33)

a

t-stat for Improvement under (-1.20) (2.29)
b

New Owners, relative to industry
number of plants [% Sold Off] 138,[44.4%] 437,[20.2%]* 47,[58.8%] 466,[19%]*

     Assets Retained: TFP 0.053 0.046 -0.209 0.035

t-stat for Average TFP=0 (1.56) (1.53) (-2.37)
b

(2.66)
a

t-stat for Retain - Sold (0.93) (2.36)
a

(-1.66)
c

(2.34)
b

number of plants 172 1726 33 1983

Non-Asset Sale Firms 0.064 -0.002 -0.154 -0.005
t-stat for Average TFP=0 (1.19) (-0.26) (-1.38) (-0.68)

number of plants 258 21592 120 19738

Panel C:  After Chapter 11
     Assets Retained 0.006 0.027 -0.167 0.020

t-stat for Average TFP=0 (0.15) (2.50) a (-1.72) c (2.50) a

number of plants n = 167 n = 1472 n = 85 n=1807
* Does not include takeovers or mergers.  Asset sale firms are defined as firms selling assets while remaining in business.

a,b,c - Significantly different from zero at the 1%, 5%, 10% level, respectively, using a two-tailed test for the difference of the mean from zero.

Panel D:  Productivity of Purchasers' Existing Assets (4 years surrounding purchase)                    
(lowest  2 quartiles) (highest  2 quartiles)

Productivity of Purchaser Quartile 1 number of plts. Quartile 2 number of plts. Quartile 3 number of plts. Quartile 4 number of plts.

Before Purchase 0.010 1826 0.080 3464 0.020 3176 0.092 2129
t-stat for Average TFP=0 (0.42) (5.07)a (1.32) (4.43)a

After Purchase 0.057 1203 0.057 2939 0.017 2734 0.053 1540
t-stat for Average TFP=0 (1.95) b (3.11)a (0.97)  (2.01)b

a - Does not include takeovers or mergers in the numerator, includes all firms (including firms with no asset sales) in denominator.

***, **, *  Significantly different from zero at the 1%, 5%, 10% level, respectively, using a two-tailed test for the difference of the mean from zero.
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 Table 5
Asset Sale Decisions

Regressions test the effects of plant-level productivity and industry-level demand and supply variables on asset sale decisio
of bankrupt firms and other non-bankrupt industry firms.  Regressions are estimated using a logistic limited dependent vari
model.  The dependent variable equals 1 if a plant is sold in that year.  The change in industry shipments and capacity utili
are yearly at the 4 digit SIC code level.   Weighted Industry R&D is from COMPUSTAT  firm-level data and represents R&
and advertising expense divided firm sales aggregated up to the 3 digit SIC code.  Total Factor Productivity (TFP) is calcu
using a translog production function.  Operating Cash flow is the value of shipments less labor, materials and energy costs 
by value of shipments.  Plant scale is the plant's asset size divided by the average assets for plants in each industry. 
Data are yearly from 1977-1990.  (P-values are in parentheses.)

Variable Dependent Variable:  Plant Asset Sale                        Test for Significant Diff.

Logit A:   Logit B: Logit C: Quartile 4 - Quartile 1
Industry-level Variables Full Sample Quartile 1 Quartile 4 (p-value)

     Change in Industry Shipments 1.141 0.983 0.538
(.000) a (.006) a (.161) (.000) a

     Weighted Industry R&D 1.935 9.675 0.256
(.000) a (.000) a (.773) (.000) a

     Capacity Utilization -0.015 -0.010 -0.005
(.000) a (.000) a (.129) (.135)

     Standard Dev. of Industry Shipments -4.744 1.381 -3.489
(.000) a (.170) (.001) a (.002) a

Plant- and Firm-level Variables
       (Variables lagged one year)
     Number of Plants Owned by Firm -0.005 -0.009 0.000

(.000) a (.000) a (.839) (.000) a

     Log of Firm Shipments 0.382 0.404 0.378
(.000) a (.000) a (.000) a (.399)

     Total Factor Productivity (TFP) -0.168 -0.130 -0.132
           (Lagged one year) (.000)a (.005) a (.000) a (.207)

     Plant-level Operating Cash Flow 0.173 0.017 0.339
           (Lagged one year) (.007)a (.901) (.010) a (.115)

     Relative Plant Scale -0.154 -0.167 -0.171
(.000) a (.000) a (.000) a (.905)

     Plant Age 0.020 0.037 0.019
(.000) a (.000) a (.000) a (.006) a

Bankruptcy Variables
    Before Chapter 11 dummy variable 0.602 0.275 0.266
        (=1 for years before firm is in Chapter (.000) a (.073) c (.209) (.751)
    In Chapter 11 dummy variable 0.409 -0.068 0.654
        (=1 while firm is in Chapter 11) (.198) (.963) (.321) (.332)
    After Chapter 11 dummy variable -0.119 -0.950 -0.465
        (=1 after firm emerges from Chapter 1 (.583) (.184) (.474) (.693)
    In Chapter 11* TFP 0.251 0.483 0.680

(.135) (.214) (.082)c (.900)
    In Chapter 11*Cash Flow -0.737 -1.368 -3.209
      (firm cash flow in last 3 columns) (.163) (.115) (.042)b (.146)
    In Chapter 11* Industry R&D 0.757 22.800 -14.718

(.845) (.080) c (.088) c (.010) a

    In Chapter 11* Change in Shipments 0.467 -2.786 5.259
(.801) (.358) (.012)b (.014) b

    In Chapter 11* Capacity Utilization -0.004 -0.010 0.009
(.315) (.581) (.369) (.365)

Total Plant Years 371,373 60,477 85,148

Chi - Squared Statistic 4370.57 653.20 1255.57

Significance Level (p-value) <1% <1% <1%

a,b,c - significantly different from zero at the 1%, 5%, and 10% level of significance, respectively, using a two-tailed t-test.
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Table 6
Plant Asset Sales:  Estimated Probabilities

Estimated probabilities of an asset sale by bankrupt and non-bankrupt firms at the 10th, 25th, 50th and 90th 
percentiles of total factor productivity (TFP).  Estimated probabilities are computed using the coefficients from
the logit regression predicting asset sales.  Probabilities are computed holding all other variables besides 
TFP and TFP interaction terms at the sample means of the non-bankrupt firms and the bankrupt firms.  For the
year t-1, the non-bankrupt firms and the bankrupt firms probabilities are computed with the before bankrupt 
indicator variable equal to zero and one respectively.  For the year t+1 for the bankrupt firm, we include the
during bankruptcy indicator variable and the interactions with the industry and productivity variables.  

Probability at:
Total Factor Productivity TFP         TFP TFP TFP

10th Percentile 25th Percentile 50th Percentile 90th Percentile

Probabilities from Table 5 Logit Regression A:  
Variables taken at the non-bankrupt / bankrupt sample means:
Panel A:
   Bankrupt firm: Year t - 1 7.65% 7.06% 6.57% 5.59%

   (data from bankrupt sample) Year t + 1 4.91% 5.16% 5.39% 5.88%

   Bankrupt firm: Year t - 1 3.15% 2.91% 2.70% 2.25%

   (data from non-bankrupt sample) Year t + 1 2.16% 2.25% 2.33% 2.54%

   Non-Bankrupt firm: Year t - 1 1.75% 1.62% 1.50% 1.25%

   (data from non-bankrupt sample) Year t + 1 1.85% 1.70% 1.57% 1.31%

   Non-Bankrupt firm: Year t - 1 4.34% 3.99% 3.71% 3.14%

   (data from bankrupt sample) Year t + 1 4.46% 4.02% 3.68% 3.06%

Probabilities from Table 5 Logit Regressions B and C by Quartile:
a

Variables taken at the bankrupt sample mean:
Panel B:

      Quartile 1:  bankrupt firm Year t - 1 4.90% 4.62% 4.35% 3.74%
Year t + 1 2.55% 3.23% 3.93% 5.70%

      Quartile 1:  non-bankrupt firm Year t - 1 4.48% 4.14% 3.81% 3.14%
Year t + 1 3.64% 3.28% 2.90% 2.22%

      Quartile 4:  bankrupt firm Year t - 1 8.09% 7.51% 6.92% 5.74%
Year t + 1 3.74% 4.22% 4.87% 6.64%

      Quartile 4:  non-bankrupt firm Year t - 1 4.78% 4.51% 4.25% 3.66%
Year t + 1 4.86% 4.45% 4.15% 3.61%

a For quartiles the percentiles refer to that specific subsample.  Thus the 50th percentile for Quartile 1 is the 12.5th
percentile of the overall sample.  In addition, for each quartile we use the means of the data for that quartile for 
all of the other independent variables and use the coefficients from the logit regressions by quartile to calculate
the probability of asset sale.
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 Table 7
Plant Closures by Chapter 11 Firms

This table examines the productivity of firms' plants that were closed by firms that declared Chapter 11 and 
industry plants in the same 4 digit SIC code.  Industry quartiles are formed using external industry data from
the NBER and represent the change in shipments over a ten year period at the 3 digit SIC code level.  TFPs are
standardized by dividing each plant-level TFP by the standard deviation of industry TFP at the 4 digit SIC
SIC code level.  Years after emergence are combined for bottom 2 and top 2 quartiles because of disclosure
 restrictions.  (T-statistics are in parentheses.)

Plant-level Productivity for Year of Closure by Shipments Change Quartile                        

1 n1      2 n2       3 n3       4 n4 t-statistic for
Plant Closures (lowest quartile) (highest  quartile) Q4-Q1

Before Chapter 11

   Bankrupt Firms -0.437 57 -0.296 71 -0.372 30 -0.483 21 (-0.18)
(-3.12) a (-2.31) b (-1.92) c (-2.16) c

% Closed* 18.0% 13.4% 13.1% 11.5%

   Industry Firms -0.329 660 -0.220 1084 -0.298 848 -0.339 539 (-0.14)
t-stat. for average=0 (-7.13) a (-5.90) a (-5.39) a (-5.85) a

% Closed* 7.5% 5.4% 6.3% 3.2%

t -statistic for (-0.73) (-0.57) (-0.37) (-0.62)
Bankrupt-Industry=0

Chapter 11 Period

   Bankrupt Firms -0.040 18 -0.575 20 -0.127 12 -0.829 9 (-1.84)c

t-stat. for average=0 (-0.16) (-3.40)a (-0.43) (-4.09)a

% Closed* 6.5% 4.2% 5.7% 5.3%

   Industry Firms -0.412 350 -0.331 667 -0.259 376 -0.212 325 (1.96)b

t-stat. for average=0 (-5.99) a (-6.69) a (-3.77) a (-2.80) a

% Closed* 4.1% 3.4% 2.9% 2.0%

t -statistic for (1.46) (-1.38) (0.43) (-2.85)a

Bankrupt-Industry=0

After Emergence
  from Chapter 11 Quartiles 1 and 2 Quartiles 3 and 4

   Bankrupt Firms -0.131 11 -0.633 7 (-0.99)
t-stat. for average=0 (-0.48) (-1.86)c

   Industry Firms -0.288 811 -0.234 1073 (0.93)
t-stat. for average=0 (-6.49) a (-6.35) a

t -statistic for (0.57) (-1.17)
Bankrupt-Industry=0

* For pre-bankruptcy period, % closed is closures divided by the number of plants 4 years prior to bankruptcy.  For the
Chapter 11 period closures are divided by the number of plants in the year the firm entered Chapter 11.  Note, for many 
firms the number of years in Chapter 11 can be as low as 1 year, giving a varying number of years in which to close plants.

a, b, c - Significantly different from zero at the 1%, 5%, 10% level, respectively, using a two-tailed t test.
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 Table 8
         Plant Closing Decisions     

Regressions test the effects of plant-level productivity and industry-level demand and supply variables on plant closing
decisions of bankrupt firms and non-bankrupt industry firms.  Regressions are estimated using a logistic limited dependen
variable model.  The dependent variable equals 1 if a plant is closed in that year.  The change in industry shipments and 
capacity utilization are yearly at the 4 digit SIC code level.   Weighted Industry R&D is from COMPUSTAT  firm-level d
and represents R&D and advertising expense divided firm sales aggregated up to the 3 digit SIC code.  Total Factor 
Productivity (TFP) is calculated using a translog production function.  Operating Cash flow is the value of shipments less
labor, materials and energy costs divided by value of shipments.  Plant scale is the plant's asset size divided by the averag
assets for plants in each industry.  Data are yearly from 1977-1990.  (P-values are in parentheses.)

Variable Dependent Variable:  Plant Closing                         Test for Significant Diff.

Logit A:   Logit B: Logit C: Quartile 4 - Quartile 1
Industry-level Variables Full Sample Quartile 1 Quartile 4 (p-value)

     Change in Industry Shipments -1.581 -1.304 -2.135
(.000)a (.002)a (.000)a (.018)b

     Weighted Industry R&D -7.360 -3.286 -2.904
(.000)a (.014)b (.038)b (.015)b

     Capacity Utilization -0.006 -0.007 0.001
(.000)a (.006)a (.214) (.396)

     Standard Dev. of Industry Shipme 3.783 3.256 12.00
(.000)a (.000)a (.000)a (.000)a

Plant- and Firm-level Variables  
       (Variables lagged one year)
     Number of Plants Owned by Firm 0.006 0.005 0.007

(.000)a (.000)a (.000)a (.556)

     Log of Firm Shipments -0.048 -0.066 -0.027
(.000)a (.000)a (.160) (.429)

     Total Factor Productivity (TFP) -0.173 -0.162 -0.279
(.000)a (.000)a (.000)a (.000)a

     Plant-level Operating Cash Flow -0.147 -0.158 -0.097
(.002)a (.014)b (.296) (.226)

     Relative Plant Scale -0.276 -0.286 -0.463
(.000)a (.000)a (.000)a (.000)a

     Plant Age -0.022 -0.026 -0.030
(.000)a (.000)a (.000)a (.261)

Bankruptcy Variables

    Before Chapter 11 dummy variabl 0.681 0.692 0.944
        (=1 for years before firm is in C (.000)a (.000)a (.000)a (.663)

    In Chapter 11 dummy variable -0.123 -2.019 -0.473
        (=1 while firm is in Chapter 11) (.916) (.384) (.889) (.899)
    After Chapter 11 dummy variable 0.382 -0.136 0.529
        (=1 after firm emerges from Ch (.007)a (.787) (.002)a (.056)b

    In Chapter 11* TFP -0.543 -0.394 -0.808
(.146) (.351) (.047)b (.417)

    In Chapter 11*Cash Flow -0.804 -0.293 -0.418
(.189) (.751) (.351) (.966)

    In Chapter 11* Industry R&D -23.915 -70.289 -41.85
(.015)b (.008)a (.069)c (.008)a

    In Chapter 11* Change in Shipmen -3.072 -9.213 -10.51
(.035)b (.054)c (.025)b (.393)

    In Chapter 11* Capacity Utilizatio 0.007 0.032 0.031
(.216) (.262) (.452) (.337)

Total Plant Years 371,373 60,477 85,148

Chi - Squared Statistic 1299.79 145.33 463.81

Significance Level (p-value) <1% <1% <1%
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Table 9
Plant Closures:  Estimated Probabilities

Estimated probabilities of an asset sale by bankrupt and non-bankrupt firms at the 10th, 25th, 50th and 90th 
percentiles of the change in industry shipments.  Estimated probabilities are computed using the coefficients from
the logit regressions predicting plant closure.  Probabilities are computed holding all other variables besides 
change in shipments are at the sample means of the non-bankrupt firms and the bankrupt firms.  For the
year t-1, the non-bankrupt firms and the bankrupt firms probabilities are computed with the before bankrutpcy
indicator variable equal to zero and one respectively.  For the year t+1 for the bankrupt firm, we include the 
during bankruptcy indicator variable and the interactions with the industry and productivity variables.  

Probability at:

Change in Industry Shipments (Chg. Ship) 10th 25th 50th 90th 
Percentile Percentile Percentile Percentile

Probabilities from Table 8 Logit regression A for full sample and regressions B & C for Quartiles:  
Variables taken at the non-bankrupt / bankrupt sample means:

   Bankrupt firm:  All Quartiles Year t - 1 3.65% 3.36% 3.11% 2.58%

   (data from bankrupt sample) Year t + 1 5.21% 2.55% 1.45% 0.40%

Quartile 1 a Year t + 1 13.92% 11.20% 9.10% 5.79%

Quartile 4 a Year t + 1 1.13% 0.65% 0.38% 0.11%

   Bankrupt firm:  All Quartiles Year t - 1 3.38% 3.10% 2.86% 2.41%
   (data from non-bankrupt sample) Year t + 1 4.64% 2.43% 1.25% 0.32%

Quartile 1 a Year t + 1 13.71% 10.20% 7.95% 4.82%

Quartile 4 a Year t + 1 1.03% 0.59% 0.30% 0.10%

   Non-Bankrupt firm:  Year t - 1 1.74% 1.59% 1.47% 1.24%

   (data from non-bankrupt sample) Year t + 1 1.68% 1.51% 1.37% 1.13%

   Non-Bankrupt firm:  Year t - 1 1.88% 1.73% 1.64% 1.33%

   (data from bankrupt sample) Year t + 1 1.89% 1.73% 1.60% 1.32%

a For quartiles the percentiles refer to that specific subsample.  Thus the 50th percentile for Quartile 1 is the 12.5th
percentile of the overall sample.  In addition, for each quartile we use the means of the data for that quartile for 
all of the other independent variables and use the coefficients from the logit regressions by quartile to calculate
the probability of closure.
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Table 10
Transfers to Chapter 7 Liquidation

This table examines the productivity of firms' plants that transferred into Chapter 7 liquidation from Chapter 11
compared to the remaining Chapter 11 firms that do not enter Chapter 7.  Numbers are relative Total Factor
Productivity (TFP) for plants less the industry average TFP for each year.  TFPs are standardized by dividing
by the standard deviation of industry TFP at the 4 digit SIC code level.  Quartiles are determined by using the 
change in the real value of shipments at the 3 digit SIC code from the National Bureau of Economic Research 
(NBER). Productivity (TFP) numbers are presented combining the bottom and top two quartiles to obtain sufficient
numbers of plants to allow disclosure.   (T-statistics are in parentheses.)

Growth in Shipments: Lowest 2 Quartiles Highest 2 Quartiles
Ch. 11 Firms Ch. 11 Firms

Chapter 11 n transfered n Chapter 11 n transfered n

Average productivity Firms* to Chapter 7 Firms* to Chapter 7

Panel A:  Years Before Chapter 11
Year -2 -0.031 636 -0.219 146 0.046 330 -0.198 76

(-0.82) (-2.81)a (0.88) (-1.75)c

Year -1 -0.036 607 -0.098 109 -0.019 295 -0.189 64

(-1.04) (-1.20) (-0.33) (-1.38)

Panel B: After Declaration of Chapter 11
Year 0 -0.100 514 -0.070 24 -0.046 299 -0.347 36

t-stat for average (-2.35) c (-0.40) (-0.77) (-2.58)a

t-stat for -1 to  0 (-1.15) (0.15) (-0.32) (-0.82)

Year +1 0.046 412 -0.105 13 0.016 209 -    

t-stat for average (0.89) (-0.41) (0.19)

t-stat for -1 to  +1 (1.32) (-0.03) (0.37)

Year +2 0.026 208 -    -0.073 129 -    

t-stat for average (0.46) (-0.78)

t-stat for -1 to  +2 (0.93) (-0.58)

Year +3 0.048 133 -    -0.336 59 -    

t-stat for average (0.62) (-2.49)a

t-stat for -1 to  +3 (0.99) (-2.96)a

Year +4 0.072 85 -    -0.177 49 -    

t-stat for average (0.76) (-1.32)

t-stat for -1 to  +4 (1.07) (-1.28)

Panel C:  After Leaving Chapter 11, Emerged Firms vs. Firms transferred to Chapter 7***
Year +1 -0.087 260 -0.274 80 -0.207 112 -0.131 38

t-stat for average (-1.41) (-2.89)a (-2.32) b (-0.97)

t-stat for -1 to  +1 (-0.71) (-1.40) (-1.78)c (0.31)

Year +2 -0.104 136 -0.197 69 -0.073 77 -0.409 17

t-stat for average (-1.21) (-1.65)c (-0.86) (-1.99)c

t-stat for -1 to  +2 (-0.73) (-0.68) (-0.53) (-0.64)

Year +3 -0.126 75 -0.389 69 -0.226 49 -0.583 15

t-stat for average (-0.92) (-3.50)a (-1.51) (-2.67)a

t-stat for -1 to  +3 (-0.63) (-2.11)b (-1.29) (-1.53)

a, b, c - Significantly different from zero at the 1%, 5%, 10% level, respectively, using a two-tailed t test.

-       means that the cell cannot be disclosed because there are too few plants in this relative year.

*      The Chapter 11 firms in this column are the subset of Chapter 11 firms that do not transfer to Chapter 7.

**    Colunms 1 and 3 represent the years after Chapter 11 for firms emerging from bankruptcy.  Columns 2 and 4 represent

          the years in Chapter 7 after transferring from Chapter 11 for the bottom 2 and top 2 quartiles, respectively.  We assign firms

          to Chapter 7 based on the year end status, thus some firms transfer to Chapter 7 within the same year of declaring Chapter 11.
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